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(67) The present invention discloses a digital
fronthaul data transmission method, device, and system,
which relate to the communications field and improve
system performance of a distributed base station. A spe-
cific solution is: a first microwave device receives digital
fronthaul data; obtains common information and radio
signal information from the digital fronthaul data; per-
forms digital QAM on the common information to obtain
1/Q data of the common information; generates a micro-
wave air interface frame in a time division multiplexing

DIGITAL FRONTHAUL DATA TRANSMISSION METHOD, DEVICE AND SYSTEM

manner based on the radio signal information and the
1/Q data of the common information, where the radio sig-
nal information and the 1/Q data of the common informa-
tion are encapsulated in a payload area of the microwave
air interface frame, and a pilot in a microwave overhead
and the payload area are arranged at a preset interval in
an interleaved manner; and sends the microwave air in-
terface frame. The presentinvention is applied to a digital
fronthaul data transmission process.
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Description
TECHNICAL FIELD

[0001] The presentinvention relates to the communi-
cations field, and in particular, to a digital fronthaul data
transmission method, device, and system.

BACKGROUND

[0002] With continuous development of mobile com-
munications technologies, base station products are in-
creasingly diverse, among which distributed base sta-
tions have been widely used because of advantages
such as low costs, strong adaptability to environment,
and easy construction. A core concept of a structure of
a distributed base station is separating a baseband unit
(English: Base Band Unit, BBU for short) and a remote
radio unit (English: Remote Radio Unit, RRU for short)
that are of a traditional macro base station, and the base-
band unit and the remote radio unit are connected by
using an optical fiber or a cable.

[0003] Data transmitted between the BBU and the
RRU may include common information and radio signal
information. The common information is mainly used to
implement functions such as control, management, tim-
ing, and synchronization. The radio signal information
may include one or more pieces of antenna-carrier in-
phase/quadrature (English: In-phase/Quadrature, I/Q for
short) data, where the antenna-carrier I/Q data is a digital
sample of a baseband I/Q signal of a radio carrier signal
transmitted or received by an antenna. The common in-
formation and the radio signal information may constitute
digital fronthaul data in a wireless network according to
a standard open interface protocol, and the digital
fronthaul data may be transmitted in both directions be-
tween the BBU and the RRU by using an optical fiber or
a cable. However, in areas such as cities, remote areas,
or special areas (for example, a river) in which optical
fibers and cables cannot be laid, microwaves are needed
to transmit digital fronthaul data between the BBU and
the RRU.

[0004] In the prior art, a solution to transmitting digital
fronthaul data by using a microwave is provided, which
is specifically: first, a transmit end parses digital fronthaul
data to obtain, by means of separation, radio signal in-
formation and common information that are included in
the digital fronthaul data; then, digital modulation and up-
conversion processing are performed on the common
information to form a first radio carrier signal, the radio
signal information is separated to obtain at least one
piece of antenna-carrier 1/Q data, and up-conversion
processing is separately performed on the at least one
piece of antenna-carrier I/Q data obtained by means of
separation, to form at least one second radio carrier sig-
nal; finally, the formed firstradio carrier signal and atleast
one second radio carrier signal are sent to a receive end
in a frequency division multiplexing manner by using a
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microwave air interface.

[0005] The priorarthas atleastthe following problems:
In the prior art, because combined transmission is per-
formed on the first radio carrier signal and the at least
one second radio carrier signal in a frequency division
multiplexing manner, and in this transmission manner, a
microwave channel on which the radio signal information
is transmitted is different from a microwave channel on
which the common information is transmitted, damage
to the microwave channels is also different. Therefore,
when quality of the transmitted radio signal information
is reduced because of damage to the microwave channel
caused by multipath, phase noise, frequency offset, I/Q
imbalance, or the like, it is extremely difficult to compen-
sate, by using a channel parameter determined accord-
ing to the common information, for the damage to the
microwave channel on which the radio signal information
is transmitted, and consequently, system performance
of a distributed base station is degraded.

SUMMARY

[0006] The present invention provides a digital
fronthaul data transmission method, device, and system,
which resolve the following problem: When quality of
transmitted radio signal information is reduced because
of damage to a microwave channel caused by multipath,
phase noise, frequency offset, I/Q imbalance, or the like,
itis extremely difficult to compensate, by using a channel
parameter determined according to common informa-
tion, for the damage to the microwave channel on which
the radio signal information is transmitted, and conse-
quently, system performance of a distributed base station
is degraded.

[0007] To achieve the foregoing objective, the follow-
ing technical solutions are adopted in the present inven-
tion:

[0008] A first aspect of the present invention provides
a digital fronthaul data transmission method, including:

receiving, by a first microwave device, digital
fronthaul data, and obtaining common information
and radio signal information from the digital fronthaul
data;

performing, by the first microwave device, digital
quadrature amplitude modulation QAM on the com-
mon information to obtain in-phase/quadrature 1/Q
data of the common information;

generating, by the first microwave device, a micro-
wave air interface frame in a time division multiplex-
ing manner based on the radio signal information
and the 1/Q data of the common information, where
the radio signal information and the 1/Q data of the
common information are encapsulated in a payload
area of the microwave air interface frame, and a pilot
in a microwave overhead and the payload area are
arranged at a preset interval in an interleaved man-
ner; and
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sending, by the first microwave device, the micro-
wave air interface frame.

[0009] With reference to the first aspect, in a possible
implementation manner, the generating, by the first mi-
crowave device, a microwave air interface frame in atime
division multiplexing manner based on the radio signal
information and the 1/Q data of the common information
specifically includes:

generating, by the first microwave device, a transmit
clock of the microwave air interface frame and a
header indication signal of the microwave air inter-
face frame;

inserting, by the first microwave device, a preamble
in the microwave overhead into a header location of
the microwave air interface frame under the control
of the transmit clock of the microwave air interface
frame and the header indication signal of the micro-
wave air interface frame; and

encapsulating, by the first microwave device, the ra-
dio signalinformation and the I/Q data of the common
information into the payload area of the microwave
air interface frame, and arranging the pilot and the
payload area at the preset interval in an interleaved
manner, according to a uniform interpolation algo-
rithm under the control of the transmit clock of the
microwave air interface frame and the header indi-
cation signal of the microwave air interface frame.

[0010] With reference to the first aspect or the forego-
ing possible implementation manner, in another possible
implementation manner, before the encapsulating, by the
first microwave device, the radio signal information and
the 1/Q data of the common information into the payload
area of the microwave air interface frame, and arranging
the pilot and the payload area at the preset interval in an
interleaved manner, according to a uniform interpolation
algorithm under the control of the transmit clock of the
microwave air interface frame and the header indication
signal of the microwave air interface frame, the method
further includes:

buffering, by the first microwave device, the radio
signal information; and

buffering, by the first microwave device, the 1/Q data
of the common information; and

the encapsulating, by the first microwave device, the
radio signal information and the I/Q data of the com-
mon information into the payload area of the micro-
wave air interface frame, and arranging the pilot and
the payload area at the preset interval in an inter-
leaved manner, according to a uniform interpolation
algorithm under the control of the transmit clock of
the microwave air interface frame and the header
indication signal of the microwave air interface frame
specifically includes:
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reading, by the first microwave device, the buff-
ered radio signal information and the buffered
1/Q data of the common information, encapsu-
lating the radio signal information and the 1/Q
data of the common information into the payload
area of the microwave air interface frame, and
arranging the pilot and the payload area at the
preset interval in an interleaved manner, under
the control of the transmit clock of the microwave
airinterface frame and the header indication sig-
nal of the microwave air interface frame.

[0011] With reference to the first aspect or the forego-
ing possible implementation manners, in another possi-
ble implementation manner, the generating, by the first
microwave device, a transmit clock of the microwave air
interface frame and a header indication signal of the mi-
crowave air interface frame specifically includes:

restoring, by the first microwave device, a digital
fronthaul data clock from the digital fronthaul data,
and tracking the digital fronthaul data clock to obtain
the transmit clock of the microwave air interface
frame;

performing, by the first microwave device, frame syn-
chronization processing on the digital fronthaul data
under the control of the digital fronthaul data clock
to generate a header indication signal of the digital
fronthaul data;

delaying, by the first microwave device, the header
indication signal of the digital fronthaul data under
the control of the digital fronthaul data clock, so that
the delayed header indication signal of the digital
fronthaul data is aligned with the I/Q data of the com-
mon information; and

performing, by the first microwave device, N times
frequency division processing on the delayed header
indication signal of the digital fronthaul data under
the control of the transmit clock of the microwave air
interface frame to obtain the header indication signal
of the microwave air interface frame, where N is a
positive integer.

[0012] With reference to the first aspect or the forego-
ing possible implementation manners, in another possi-
ble implementation manner, the generating, by the first
microwave device, a transmit clock of the microwave air
interface frame and a header indication signal of the mi-
crowave air interface frame specifically includes:

generating, by the first microwave device, the trans-
mit clock of the microwave air interface frame by us-
ing a local oscillator; and

generating, by the first microwave device, the header
indication signal of the microwave air interface frame
according to a preset length of the microwave air
interface frame under the control of the transmit clock
of the microwave air interface frame.
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[0013] With reference to the first aspect or the forego-
ing possible implementation manners, in another possi-
ble implementation manner, before the performing, by
the first microwave device, digital quadrature amplitude
modulation QAM on the common information to obtain
in-phase/quadrature I/Q data of the common information,
the method further includes:

performing, by the first microwave device, compres-
sion processing on the common information; and
the performing, by the first microwave device, digital
quadrature amplitude modulation QAM on the com-
mon information to obtain in-phase/quadrature 1/Q
data of the common information specifically in-
cludes:

performing, by the first microwave device, digital
QAM on the compressed common information
to obtain the I/Q data of the common information.

[0014] With reference to the first aspect or the forego-
ing possible implementation manners, in another possi-
ble implementation manner, before the generating, by
the first microwave device, a microwave air interface
frame in a time division multiplexing manner based on
the radio signal information and the 1/Q data of the com-
mon information, the method further includes:

obtaining, by the first microwave device, at least one
piece of antenna-carrier 1/Q data from the radio sig-
nal information;

performing, by the first microwave device, compres-
sion processing on each piece of antenna-carrier 1/Q
data; and

combining, by the first microwave device, the com-
pressed antenna-carrier 1/Q data to generate com-
pressed radio signal information; and

the generating, by the first microwave device, a mi-
crowave air interface frame in a time division multi-
plexing manner based on the radio signalinformation
and the 1/Q data of the common information specif-
ically includes:

generating, by the first microwave device, the
microwave air interface frame in a time division
multiplexing manner based on the compressed
radio signal information and the 1/Q data of the
common information.

[0015] A second aspect of the present invention pro-
vides a digital fronthaul data receiving method, including:

receiving, by a second microwave device, a micro-
wave air interface frame from a microwave air inter-
face;

obtaining, by the second microwave device, a micro-
wave overhead, radio signal information, and in-
phase/quadrature 1/Q data of common information
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that are in the microwave air interface frame, where
the radio signal information and the 1/Q data of the
common information are encapsulated in a payload
area of the microwave air interface frame, and a pilot
in the microwave overhead and the payload area are
arranged at a preset interval in an interleaved man-
ner;

performing, by the second microwave device, chan-
nel damage estimation according to the pilot; and
performing channel damage compensation for the
radio signal information and the 1/Q data of the com-
mon information;

performing, by the second microwave device, digital
demodulation on the I/Q data of the common infor-
mation that is obtained after channel damage com-
pensation, to generate the common information; and
recombining, by the second microwave device, the
common information and the radio signal information
that is obtained after channel damage compensa-
tion, to generate digital fronthaul data; and sending
the digital fronthaul data.

[0016] With reference to the second aspect, in a pos-
sible implementation manner, the obtaining, by the sec-
ond microwave device, a microwave overhead, radio sig-
nal information, and in-phase/quadrature 1/Q data of
common information that are in the microwave air inter-
face frame specifically includes:

performing, by the second microwave device, frame
synchronization processing on the microwave air in-
terface frame according to a preamble in the micro-
wave overhead to generate a header indication sig-
nal of the microwave air interface frame; and
extracting, by the second microwave device, the pi-
lot, the radio signal information, and the 1/Q data of
the common information according to a uniform in-
terpolation algorithm under the control of the header
indication signal of the microwave air interface
frame.

[0017] Withreference to the second aspect or the fore-
going possible implementation manner, in another pos-
sible implementation manner, the performing, by the sec-
ond microwave device, channel damage estimation fur-
ther includes:

performing, by the second microwave device, chan-
nel damage estimation according to the I/Q data of
the common information.

[0018] Withreference to the second aspect or the fore-
going possible implementation manners, in another pos-
sible implementation manner, before the recombining,
by the second microwave device, the common informa-
tion and the radio signal information that is obtained after
channel damage compensation, to generate digital
fronthaul data, the method further includes:
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buffering, by the second microwave device, the com-
mon information; and

buffering, by the second microwave device, the radio
signal information obtained after channel damage
compensation; and

the recombining, by the second microwave device,
the common information and the radio signal infor-
mation that is obtained after channel damage com-
pensation, to generate digital fronthaul data specif-
ically includes:

generating, by the second microwave device, a
transmit clock of the digital fronthaul data and a
header indication signal of the digital fronthaul
data; and

reading, by the second microwave device under
the control of the transmit clock of the digital
fronthaul data and the header indication signal
of the digital fronthaul data, the buffered com-
mon information and the buffered radio signal
information that is obtained after channel dam-
age compensation, to generate the digital
fronthaul data.

[0019] With reference to the second aspect or the fore-
going possible implementation manners, in another pos-
sible implementation manner, the generating, by the sec-
ond microwave device, a transmit clock of the digital
fronthaul data and a header indication signal of the digital
fronthaul data specifically includes:

restoring, by the second microwave device, a micro-
wave air interface frame clock from the microwave
air interface frame, and tracking the microwave air
interface frame clock to obtain the transmit clock of
the digital fronthaul data;

performing, by the second microwave device, frame
synchronization processing on the microwave air in-
terface frame under the control of the microwave air
interface frame clock to generate the header indica-
tion signal of the microwave air interface frame;
delaying, by the second microwave device, the head-
er indication signal of the microwave air interface
frame under the control of the microwave air inter-
face frame clock, so that the delayed header indica-
tion signal of the microwave air interface frame is
aligned with the common information obtained after
digital demodulation; and

performing, by the second microwave device, N
times frequency multiplication on the delayed header
indication signal of the microwave air interface frame
under the control of the transmit clock of the digital
fronthaul data, to generate the header indication sig-
nal of the digital fronthaul data, where N is a positive
integer.

[0020] With reference to the second aspect or the fore-
going possible implementation manners, in another pos-
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sibleimplementation manner, the generating, by the sec-
ond microwave device, a transmit clock of the digital
fronthaul data and a header indication signal of the digital
fronthaul data specifically includes:

controlling, by the second microwave device accord-
ing to a variation of a data length of the buffered radio
signal information obtained after channel damage
compensation or a variation of a data length of the
buffered common information, a local clock genera-
tor to generate the transmit clock of the digital
fronthaul data; and

generating, by the second microwave device, the
header indication signal of the digital fronthaul data
under the control of the transmit clock of the digital
fronthaul data.

[0021] Withreference to the second aspect or the fore-
going possible implementation manners, in another pos-
sible implementation manner, the reading, by the second
microwave device under the control of the transmit clock
of the digital fronthaul data and the header indication sig-
nal of the digital fronthaul data, the buffered common
information and the buffered radio signal information that
is obtained after channel damage compensation, to gen-
erate the digital fronthaul data includes:

performing, by the second microwave device, syn-
chronization on the common information read from
a cache; and

recombining, by the second microwave device under
the control of the transmit clock of the digital fronthaul
data and the header indication signal of the digital
fronthaul data, the synchronized common informa-
tion and the radio signal information that is obtained
after channel damage compensation, to generate
the digital fronthaul data.

[0022] Withreference tothe second aspect or the fore-
going possible implementation manners, in another pos-
sible implementation manner, before the recombining,
by the second microwave device, the common informa-
tion and the radio signal information that is obtained after
channel damage compensation, to generate digital
fronthaul data, the method further includes:

performing, by the second microwave device, de-
compression processing on the common informa-
tion; and

the recombining, by the second microwave device,
the common information and the radio signal infor-
mation that is obtained after channel damage com-
pensation, to generate digital fronthaul data specif-
ically includes:

recombining, by the second microwave device,
the decompressed common information and the
radio signal information that is obtained after
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channel damage compensation, to generate the
digital fronthaul data.

[0023] Withreference to the second aspect or the fore-
going possible implementation manners, in another pos-
sible implementation manner, before the recombining,
by the second microwave device, the common informa-
tion and the radio signal information that is obtained after
channel damage compensation, to generate digital
fronthaul data, the method further includes:

obtaining, by the second microwave device, at least
one piece of antenna-carrier 1/Q data from the radio
signal information obtained after channel damage
compensation;

performing, by the second microwave device, de-
compression processing on each piece of antenna-
carrier 1/Q data; and

generating, by the second microwave device, de-
compressed radio signal information based on the
decompressed antenna-carrier |/Q data; and

the recombining, by the second microwave device,
the common information and the radio signal infor-
mation that is obtained after channel damage com-
pensation, to generate digital fronthaul data specif-
ically includes:

recombining, by the second microwave device,
the common information and the decompressed
radio signal information to generate the digital
fronthaul data.

[0024] A third aspect of the present invention provides
a first microwave device, including:

a receiving unit, configured to receive digital
fronthaul data;

a digital fronthaul data parsing unit, configured to
obtain common information and radio signal infor-
mation from the digital fronthaul data received by the
receiving unit;

amodulation unit, configured to perform digital quad-
rature amplitude modulation QAM on the common
information obtained by the digital fronthaul data
parsing unit, to obtain in-phase/quadrature 1/Q data
of the common information;

amicrowave air interface frame generating unit, con-
figured to generate a microwave air interface frame
in a time division multiplexing manner based on the
radio signal information obtained by the digital
fronthaul data parsing unit and the I/Q data of the
common information that is obtained by the modu-
lation unit, where the radio signal information and
the 1/Q data of the common information are encap-
sulated in a payload area of the microwave air inter-
face frame, and a pilot in a microwave overhead and
the payload area are arranged at a preset interval in
an interleaved manner; and

($]
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a microwave transmission unit, configured to send
the microwave air interface frame obtained by the
microwave air interface frame generating unit.

[0025] With reference to the third aspect, in a possible
implementation manner, the microwave air interface
frame generating unit is specifically configured to:

generate a transmit clock of the microwave air inter-
face frame and a header indication signal of the mi-
crowave air interface frame;

insert a preamble in the microwave overhead into a
header location of the microwave air interface frame
under the control of the transmit clock of the micro-
wave air interface frame and the header indication
signal of the microwave air interface frame; and
encapsulate the radio signal information and the 1/Q
data of the common information into the payload ar-
ea of the microwave air interface frame, and arrange
the pilot and the payload area at the preset interval
in an interleaved manner, according to a uniform in-
terpolation algorithm under the control of the transmit
clock of the microwave air interface frame and the
header indication signal of the microwave air inter-
face frame.

[0026] With reference to the third aspect or the fore-
going possible implementation manner, in another pos-
sible implementation manner, the method further in-
cludes:

a buffering unit, configured to: buffer the radio signal
information and buffer the 1/Q data of the common
information, before the microwave air interface
frame generating unit encapsulates the radio signal
information and the 1/Q data of the common informa-
tion into the payload area of the microwave air inter-
face frame, and arranges the pilot and the payload
area at the presetinterval in an interleaved manner,
according to the uniform interpolation algorithm un-
der the control of the transmit clock of the microwave
air interface frame and the header indication signal
of the microwave air interface frame; where

the microwave air interface frame generating unit is
specifically configured to:

read the radio signal information and the I/Q data
of the common information that are buffered by
the buffering unit, encapsulate the radio signal
information and the I/Q data of the common in-
formation into the payload area of the microwave
air interface frame, and arrange the pilot and the
payload area at the preset interval in an inter-
leaved manner, under the control of the transmit
clock of the microwave air interface frame and
the header indication signal of the microwave
air interface frame.



11 EP 3 294 001 A1 12

[0027] With reference to the third aspect or the fore-
going possible implementation manners, in another pos-
sible implementation manner, the microwave air inter-
face frame generating unit is specifically configured to:

restore a digital fronthaul data clock from the digital
fronthaul data, and track the digital fronthaul data
clock to obtain the transmit clock of the microwave
air interface frame;

perform frame synchronization processing on the
digital fronthaul data under the control of the digital
fronthaul data clock to generate a header indication
signal of the digital fronthaul data;

delay the header indication signal of the digital
fronthaul data under the control of the digital
fronthaul data clock, so that the delayed header in-
dication signal of the digital fronthaul data is aligned
with the 1/Q data of the common information; and
perform N times frequency division processing on
the delayed header indication signal of the digital
fronthaul data under the control of the transmit clock
of the microwave air interface frame to obtain the
header indication signal of the microwave air inter-
face frame, where N is a positive integer.

[0028] With reference to the third aspect or the fore-
going possible implementation manners, in another pos-
sible implementation manner, the microwave air inter-
face frame generating unit is specifically configured to:

generate the transmit clock of the microwave air in-
terface frame by using a local oscillator; and
generate the header indication signal of the micro-
wave air interface frame according to a preset length
of the microwave air interface frame under the con-
trol of the transmit clock of the microwave air inter-
face frame.

[0029] With reference to the third aspect or the fore-
going possible implementation manners, in another pos-
sible implementation manner, the method further in-
cludes:

a first compression unit, configured to perform com-
pression processing on the common information be-
fore the modulation unit performs digital quadrature
amplitude modulation QAM on the common informa-
tion to obtain the in-phase/quadrature I/Q data of the
common information; where

the modulation unit is specifically configured to:

perform digital QAM on the common information
compressed by the first compression unit, to ob-
tain the 1/Q data of the common information.

[0030] With reference to the third aspect or the fore-
going possible implementation manners, in another pos-
sible implementation manner, the method further in-
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cludes:

a separation unit, configured to obtain at least one
piece of antenna-carrier 1/Q data from the radio sig-
nal information before the microwave air interface
frame generating unit generates the microwave air
interface frame in a time division multiplexing man-
ner based on the radio signal information and the I/Q
data of the common information;

a second compression unit, configured to perform
compression processing on each piece of antenna-
carrier 1/Q data obtained by the separation unit; and
a combination unit, configured to combine the an-
tenna-carrier 1/Q data compressed by the second
compression unit, to generate compressed radio sig-
nal information; where

the microwave air interface frame generating unit is
specifically configured to:

generate the microwave air interface frame in a
time division multiplexing manner based on the
compressed radio signal information and the I/Q
data of the common information.

[0031] A fourth aspect of the present invention pro-
vides a second microwave device, including:

a microwave receiving unit, configured to receive a
microwave air interface frame from a microwave air
interface;

a microwave air interface frame parsing unit, config-
ured to obtain a microwave overhead, radio signal
information, and in-phase/quadrature 1/Q data of
common information that are in the microwave air
interface frame received by the microwave receiving
unit, where the radio signal information and the 1/Q
data of the common information are encapsulated in
a payload area of the microwave air interface frame,
and a pilot in the microwave overhead and the pay-
load area are arranged at a preset interval in an in-
terleaved manner;

a microwave channel parameter estimation unit,
configured to perform channel damage estimation
according to the pilot obtained by the microwave air
interface frame parsing unit;

a microwave channel damage compensation unit,
configured to perform channel damage compensa-
tion for the radio signal information and the 1/Q data
of the common information that are obtained by the
microwave air interface frame parsing unit;
ademodulation unit, configured to perform digital de-
modulation on the 1/Q data of the common informa-
tion that is obtained after the microwave channel
damage compensation unit performs channel dam-
age compensation, to generate the common infor-
mation; and

a digital fronthaul data recombination unit, config-
ured to: recombine the common information ob-
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tained by the demodulation unit and the radio signal
information that is obtained after the microwave
channel damage compensation unit performs chan-
nel damage compensation, to generate digital
fronthaul data, and send the digital fronthaul data.

[0032] Withreferencetothe fourth aspect,inapossible
implementation manner, the microwave air interface
frame parsing unit is specifically configured to:

perform frame synchronization processing on the mi-
crowave air interface frame according to a preamble
in the microwave overhead to generate a header in-
dication signal of the microwave air interface frame;
and

extract the pilot, the radio signal information, and the
1/Q data of the common information according to a
uniform interpolation algorithm under the control of
the header indication signal of the microwave air in-
terface frame.

[0033] With reference to the fourth aspect or the fore-
going possible implementation manner, in another pos-
sible implementation manner, the microwave channel
parameter estimation unit is further configured to:

perform channel damage estimation according to the
1/Q data of the common information.

[0034] With reference to the fourth aspect or the fore-
going possible implementation manners, in another pos-
sible implementation manner, the second microwave de-
vice further includes:

a buffering unit, configured to: before the digital
fronthaul data recombination unit recombines the
common information and the radio signal information
that is obtained after channel damage compensa-
tion, to generate the digital fronthaul data, buffer the
common information, and buffer the radio signal in-
formation obtained after channel damage compen-
sation, where

the digital fronthaul data recombination unit is spe-
cifically configured to:

generate a transmit clock of the digital fronthaul
data and a header indication signal of the digital
fronthaul data; and

read, under the control of the transmit clock of
the digital fronthaul data and the header indica-
tion signal of the digital fronthaul data, the com-
mon information and the radio signal information
obtained after channel damage compensation
that are buffered by the buffering unit, to gener-
ate the digital fronthaul data.

[0035] With reference to the fourth aspect or the fore-
going possible implementation manners, in another pos-
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sible implementation manner, the digital fronthaul data
recombination unit is specifically configured to:

restore a microwave air interface frame clock from
the microwave air interface frame, and track the mi-
crowave air interface frame clock to obtain the trans-
mit clock of the digital fronthaul data;

perform frame synchronization processing on the mi-
crowave air interface frame under the control of the
microwave air interface frame clock to generate the
header indication signal of the microwave air inter-
face frame;

delay the header indication signal of the microwave
air interface frame under the control of the micro-
wave air interface frame clock, so that the delayed
header indication signal of the microwave air inter-
face frame is aligned with the common information
obtained after digital demodulation; and

perform N times frequency multiplication on the de-
layed header indication signal of the microwave air
interface frame under the control of the transmit clock
of the digital fronthaul data, to generate the header
indication signal of the digital fronthaul data, where
N is a positive integer.

[0036] With reference to the fourth aspect or the fore-
going possible implementation manners, in another pos-
sible implementation manner, the digital fronthaul data
recombination unit is specifically configured to:

control, according to a variation of a data length of
the buffered radio signal information obtained after
channel damage compensation or a variation of a
data length of the buffered common information, a
local clock generator to generate the transmit clock
of the digital fronthaul data; and

generate the header indication signal of the digital
fronthaul data under the control of the transmit clock
of the digital fronthaul data.

[0037] With reference to the fourth aspect or the fore-
going possible implementation manners, in another pos-
sible implementation manner, the digital fronthaul data
recombination unit is specifically configured to:

perform synchronization on the common information
read from a cache; and

recombine, under the control of the transmit clock of
the digital fronthaul data and the header indication
signal of the digital fronthaul data, the synchronized
common information and the radio signal information
that is obtained after channel damage compensa-
tion, to generate the digital fronthaul data.

[0038] With reference to the fourth aspect or the fore-
going possible implementation manners, in another pos-
sible implementation manner, the second microwave de-
vice further includes:
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a first decompression unit, configured to perform de-
compression processing on the common information
before the digital fronthaul data recombination unit
recombines the common information and the radio
signalinformation thatis obtained after channeldam-
age compensation, to generate digital fronthaul data,
where

the digital fronthaul data recombination unit is spe-
cifically configured to:

recombine the common information decom-
pressed by the first decompression unit and the
radio signal information that is obtained after
channel damage compensation, to generate the
digital fronthaul data.

[0039] With reference to the fourth aspect or the fore-
going possible implementation manners, in another pos-
sible implementation manner, the second microwave de-
vice further includes:

a separation unit, configured to: before the digital
fronthaul data recombination unit recombines the
common information and the radio signal information
that is obtained after channel damage compensa-
tion, to generate the digital fronthaul data, obtain at
least one piece of antenna-carrier 1/Q data from the
radio signal information obtained after channel dam-
age compensation;

a second decompression unit, configured to perform
decompression processing on each piece of anten-
na-carrier 1/Q data obtained by the separation unit;
and

arecombination unit, configured to generate decom-
pressed radio signal information based on the an-
tenna-carrier I/Q data decompressed by the second
decompression unit; where

the digital fronthaul data recombination unit is spe-
cifically configured to:

recombine the common information and the de-
compressed radio signal information obtained
by the recombination unit, to generate the digital
fronthaul data.

[0040] A fifth aspect of the present invention provides
a first microwave device, including:

areceiver, configured to receive digital fronthaul da-
ta;

a processor, configured to: obtain common informa-
tion and radio signal information from the digital
fronthaul data received by the receiver, perform dig-
ital quadrature amplitude modulation QAM on the
common information to obtain in-phase/quadrature
1/Q data of the common information, and generate a
microwave air interface frame in a time division mul-
tiplexing manner based on the radio signal informa-
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tion and the I/Q data of the common information,
where the radio signal information and the 1/Q data
of the common information are encapsulated in a
payload area of the microwave air interface frame,
and a pilotin a microwave overhead and the payload
area are arranged at a preset interval in an inter-
leaved manner; and

a transmitter, configured to send the microwave ra-
dio frequency signal obtained by the processor.

[0041] With reference to the fifth aspect, in a possible
implementation manner, the processor is specifically
configured to:

generate a transmit clock of the microwave air inter-
face frame and a header indication signal of the mi-
crowave air interface frame;

insert a preamble in the microwave overhead into a
header location of the microwave air interface frame
under the control of the transmit clock of the micro-
wave air interface frame and the header indication
signal of the microwave air interface frame; and
encapsulate the radio signal information and the 1/Q
data of the common information into the payload ar-
ea of the microwave air interface frame, and arrange
the pilot and the payload area at the preset interval
in an interleaved manner, according to a uniform in-
terpolation algorithm under the control of the transmit
clock of the microwave air interface frame and the
header indication signal of the microwave air inter-
face frame.

[0042] A sixth aspect of the present invention provides
a second microwave device, including:

a receiver, configured to receive a microwave air in-
terface frame from a microwave air interface;

a processor, configured to: obtain a microwave over-
head, radio signal information, and in-phase/quad-
rature 1/Q data of common information that are in the
microwave air interface frame, where the radio signal
information and the I/Q data of the common informa-
tion are encapsulated in a payload area of the mi-
crowave air interface frame, and a pilot in the micro-
wave overhead and the payload area are arranged
atapresetintervalin aninterleaved manner; perform
channel damage estimation according to the pilot;
perform channel damage compensation for the radio
signal information and the 1/Q data of the common
information; perform digital demodulation on the 1/Q
data ofthe common information thatis obtained after
channel damage compensation, to generate the
common information; and recombine the common
information and the radio signal information that is
obtained after channel damage compensation, to
generate digital fronthaul data; and

a transmitter, configured to send the digital fronthaul
data obtained by the processor.
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[0043] With reference to the sixth aspect, in a possible
implementation manner, the processor is specifically
configured to:

perform frame synchronization processing on the mi-
crowave air interface frame according to a preamble
in the microwave overhead to generate a header in-
dication signal of the microwave air interface frame;
and

extract the pilot, the radio signal information, and the
1/Q data of the common information according to a
uniform interpolation algorithm under the control of
the header indication signal of the microwave air in-
terface frame.

[0044] With reference to the sixth aspect or the fore-
going possible implementation manner, in another pos-
sible implementation manner, the processor is further
configured to:

perform channel damage estimation according to the
1/Q data of the common information.

[0045] A seventh aspect of the present invention pro-
vides a digital fronthaul data transmission system, includ-
ing a first microwave device and a second microwave
device, where

the first microwave device is configured to: receive digital
fronthaul data; obtain common information and radio sig-
nal information from the digital fronthaul data; perform
digital quadrature amplitude modulation QAM on the
common information to obtain in-phase/quadrature 1/Q
data of the common information; generate a microwave
air interface frame in a time division multiplexing manner
based on the radio signal information and the 1/Q data of
the common information, where the radio signal informa-
tion and the 1/Q data of the common information are en-
capsulated in a payload area of the microwave air inter-
face frame, and a pilot in a microwave overhead and the
payload area are arranged at a preset interval in an in-
terleaved manner; and send the microwave air interface
frame; and

the second microwave device is configured to: receive
the microwave air interface frame from a microwave air
interface; obtain the microwave overhead, the radio sig-
nal information, and the in-phase/quadrature 1/Q data of
the common information that are in the microwave air
interface frame; perform channel damage estimation ac-
cording to the pilot; perform channel damage compen-
sation for the radio signal information and the 1/Q data of
the common information; perform digital demodulation
onthe |/Q data of the commoninformation thatis obtained
after channel damage compensation, to generate the
common information; and recombine the common infor-
mation and the radio signal information that is obtained
afterchannel damage compensation, to generate the dig-
ital fronthaul data, and send the digital fronthaul data.
[0046] According to the digital fronthaul data transmis-
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sion method, device, and system provided in the embod-
iments of the present invention, a first microwave device
generates a microwave air interface frame in a time di-
vision multiplexing manner based on radio signal infor-
mation and I/Q data of common information, and arrang-
es a pilot in a microwave overhead and a payload area
at a preset interval in an interleaved manner, so that the
radio signal information, the I/Q data of the common in-
formation, and the microwave overhead can be transmit-
ted over one microwave channel, and when quality of the
transmitted radio signal information is reduced because
of damage to the microwave channel caused by multip-
ath, phase noise, frequency offset, I/Q imbalance, or the
like, a second microwave device can compensate, by
using a channel parameter such as multipath, phase
noise, frequency offset, or I/Q imbalance determined ac-
cording to the pilot included in the microwave overhead,
for the damage to the microwave channel on which the
radio signal information is transmitted, thereby improving
system performance of a distributed base station. In ad-
dition, the radio signal information and the I/Q data of the
common information are transmitted in a time division
multiplexing manner over one microwave channel, so
that an entire microwave system is a single-carrier sys-
tem; therefore, hardware complexity is reduced and costs
are reduced.

BRIEF DESCRIPTION OF DRAWINGS

[0047] To describe the technical solutions in the em-
bodiments of the presentinvention or in the prior art more
clearly, the following briefly describes the accompanying
drawings required for describing the embodiments or the
prior art. Apparently, the accompanying drawings in the
following description show merely some embodiments
of the present invention, and a person of ordinary skill in
the art may still derive other drawings from these accom-
panying drawings without creative efforts.

FIG. 1isan architecture diagram of a systemin which
a method provided in an embodiment of the present
invention is applied according to the present inven-
tion;

FIG. 2 is a flowchart of a digital fronthaul data trans-
mission method according to an embodiment of the
present invention;

FIG. 3 is a schematic structural diagram of a micro-
wave air interface frame according to an embodi-
ment of the present invention;

FIG. 4 is a flowchart of a digital fronthaul data receiv-
ing method according to another embodiment of the
present invention;

FIG. 5 is a schematic diagram of a CPRI protocol
stack according to an embodiment of the present
invention;

FIG. 6 is a schematic structural diagram of a CPRI
primary frame according to an embodiment of the
present invention;
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FIG. 7 is a schematic composition diagram of a CPRI
10 ms frame according to an embodiment of the
present invention;

FIG. 8 is a schematic diagram of a sub-channel of a
super frame according to an embodiment of the
present invention;

FIG. 9 is a schematic composition diagram of a first
microwave device according to another embodiment
of the present invention;

FIG. 10 is a schematic composition diagram of an-
other first microwave device according to another
embodiment of the present invention;

FIG. 11 is a schematic composition diagram of still
another first microwave device according to another
embodiment of the present invention;

FIG. 12is a schematic composition diagram of a sec-
ond microwave device according to another embod-
iment of the present invention;

FIG. 13 is a schematic composition diagram of an-
other second microwave device according to anoth-
er embodiment of the present invention;

FIG. 14 is a schematic composition diagram of still
another second microwave device according to an-
other embodiment of the present invention;

FIG. 15 is a schematic composition diagram of a first
microwave device according to another embodiment
of the present invention; and

FIG. 16 is a schematic composition diagram of a sec-
ond microwave device according to another embod-
iment of the present invention.

DESCRIPTION OF EMBODIMENTS

[0048] The following clearly and completely describes
the technical solutions in the embodiments of the present
invention with reference to the accompanying drawings
in the embodiments of the presentinvention. Apparently,
the described embodiments are merely some but not all
of the embodiments of the present invention. All other
embodiments obtained by a person of ordinary skill in
the art based on the embodiments of the present inven-
tion without creative efforts shall fall within the protection
scope of the present invention.

[0049] It is known to all that a core concept of a struc-
ture of a distributed base station is separating a BBU and
an RRU that are of a traditional macro base station, and
the BBU and the RRU are connected by using an optical
fiber or a cable. Data transmitted between the BBU and
the RRU may be referred to as digital fronthaul data (the
digital fronthaul data may include common information
and radio signal information), that is, the digital fronthaul
data may be transmitted in both directions between the
BBU and the RRU by using an optical fiber or a cable. In
addition, with the development of radio access technol-
ogies, a transmission rate of digital fronthaul data be-
comes increasingly high and may be higher in the future,
and because of a large bandwidth and a high rate of an
optical fiber, generally, the optical fiber is used in the
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industry to transmit the digital fronthaul data.

[0050] In microwave (English: Microwave, MW for
short) transmission, there is no need to lay an optical
fiber or a cable, and instead, data is directly transmitted
by using space; therefore, construction advantages are
obvious in cities, remote areas, or special areas, and
microwaves are used to transmit digital fronthaul data
between the BBU and the RRU.

[0051] Inthe solution, provided in the prior art, in which
digital fronthaul data transmission is implemented by us-
ing microwaves, digital fronthaul data transmissionis per-
formed in a frequency division multiplexing manner. In
this transmission manner, because a microwave channel
on which radio signal information is transmitted is differ-
ent from a microwave channel on which common infor-
mation is transmitted, damage to the microwave chan-
nels is also different. Therefore, when quality of the trans-
mitted radio signal information is reduced because of
damage to the microwave channel caused by multipath,
phase noise, frequency offset, I/Q imbalance, or the like,
itis extremely difficult to compensate, by using a channel
parameter determined according to the common infor-
mation, for the damage to the microwave channel on
which theradio signal information is transmitted, and con-
sequently, system performance of a distributed base sta-
tion is degraded.

[0052] To facilitate understanding by a person skilled
in the art, a specific implementation process of technical
solutions provided in the present invention is described
by using the following embodiments in the presentinven-
tion.

[0053] As shown in FIG. 1, an embodiment of the
present invention provides an architecture diagram of a
system in which a method provided in an embodiment of
the present invention is applied, where the system may
include a microwave device, a BBU, and an RRU. The
microwave device is located between the BBU and the
RRU, and specifically, the microwave device may include
afirstmicrowave device and a second microwave device.
In addition, for ease of description, as shown in FIG. 1,
in this embodiment of the presentinvention, a microwave
device connected to the BBU is referred to as the first
microwave device, and a microwave device connected
to the RRU is referred to as the second microwave de-
vice.

[0054] In a system architecture shown in FIG. 1, in a
possible implementation manner, the first microwave de-
vice may receive digital fronthaul data from the BBU, con-
vert the received digital fronthaul data into a microwave
radio frequency signal, and then send the microwave ra-
dio frequency signal to the second microwave device by
using a microwave air interface; in this case, the second
microwave device may receive the microwave radio fre-
quency signal from the microwave air interface, restore
the digital fronthaul data according to the received mi-
crowave radio frequency signal, and then send the digital
fronthaul data to the RRU. In addition, alternatively, the
microwave device may be integrated into the BBU and/or
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the RRU. Correspondingly, in this implementation man-
ner, when the second microwave device is integrated
into the RRU, the second microwave device may not re-
construct the digital fronthaul data, but directly transmit
acquired radio signal information to a radio frequency
sending unit of the RRU and send acquired common in-
formation to a control management unit of the RRU.
[0055] It should be noted that, in this embodiment of
the present invention, roles of the second microwave de-
vice and the first microwave device may be interchanged.
That is, in the system architecture shown in FIG. 1, in
another possible implementation manner, the second mi-
crowave device may receive digital fronthaul data from
the RRU, convert the received digital fronthaul data into
a microwave radio frequency signal, and then send the
microwave radio frequency signal to the first microwave
device by using a microwave air interface; in this case,
the first microwave device may receive the microwave
radio frequency signal from the microwave air interface,
restore the digital fronthaul data according to the received
microwave radio frequency signal, and then send the dig-
ital fronthaul data to the BBU. In addition, when the first
microwave device is integrated into the BBU, the first
microwave device may not reconstruct the digital
fronthaul data, but directly transmit acquired radio signal
information to a baseband processing unit of the BBU
and send acquired common information to a control man-
agement unit of the BBU.

[0056] To facilitate understanding by a person skilled
in the art, the digital fronthaul data transmission method
provided in the embodiments of the present invention
may be applicable to the foregoing two possible imple-
mentation manners, and the present invention sets no
limitation thereto.

[0057] An embodiment of the present invention pro-
vides a digital fronthaul data transmission method. As
shown in FIG. 2, the method may include the following
steps:

101. A first microwave device receives digital
fronthaul data, and obtains common information and
radio signal information from the digital fronthaul da-
ta.

[0058] The first microwave device may receive the dig-
ital fronthaul data from a BBU connected to the first mi-
crowave device, and process (for example, parse) the
digital fronthaul data after receiving the digital fronthaul
data, so as to obtain, by means of separation, the com-
mon information and the radio signal information that are
included in the digital fronthaul data. The common infor-
mation is mainly used to implement functions such as
control, management, timing, and synchronization; the
radio signal information may include one or more pieces
of antenna-carrier I/Q data, where the antenna-carrier
1/Q data is a digital sample of a baseband 1/Q signal of a
radio carrier signal transmitted or received by an anten-
na.
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102. The first microwave device performs digital
quadrature amplitude modulation (English: Quadra-
ture Amplitude Modulation, QAM for short) on the
common information to obtain I/Q data of the com-
mon information.

[0059] After the first microwave device obtains, by
means of separation, the common information and the
radio signal information that are included in the digital
fronthaul data, to reduce a microwave signal bandwidth
required for digital fronthaul data transmission, digital
QAM is performed on only the common information ob-
tained by means of separation, to generate the I/Q data
of the common information, and digital QAM modulation
is not performed on the radio signal information obtained
by means of separation. The 1/Q data of the common
information refers to 1/Q data of the common information
on which digital QAM modulation is performed.

103. The first microwave device generates a micro-
wave air interface frame in a time division multiplex-
ing manner based on the radio signal information
and the 1/Q data of the common information.

[0060] The radio signal information and the 1/Q data of
the common information are encapsulated in a payload
area of the microwave air interface frame, and a pilot in
a microwave overhead and the payload area are ar-
ranged at a preset interval in an interleaved manner.

[0061] Specifically, in order that, when quality of a
transmitted signal is reduced because of damage to a
microwave channel caused by multipath, phase noise,
frequency offset, 1/Q imbalance, or the like, a second
microwave device can implement compensation for the
damage to the microwave channel by using a microwave
channel parameter estimated according to the pilot in-
cluded in the microwave overhead, so as to improve the
quality of the transmitted signal, the first microwave de-
vice may generate, according to microwave overhead
data configured by a system, a microwave overhead that
is known to the second microwave device and on which
digital QAM is performed. The microwave overhead may
be a random symbol bit preset on the first microwave
device and the second microwave device. The micro-
wave overhead may include a preamble and a pilot,
where the preamble may be used to perform frame syn-
chronization processing on the microwave air interface
frame, the pilot may be used to estimate a microwave
channel parameter, and the microwave channel param-
eter is used to perform channel damage compensation.
[0062] After obtaining the radio signal information by
means of separation, and generating the 1/Q data of the
common information and the microwave overhead, the
first microwave device may combine the pilot in the mi-
crowave overhead, the radio signal information, and the
1/Q data of the common information in a time division
multiplexing manner to generate the microwave air inter-
face frame, so that the radio signal information, the 1/Q
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data of the common information, and the microwave
overhead are transmitted over one microwave channel.
In addition, to improve performance of channel damage
compensation, the radio signal information and the 1/Q
data of the common information may be evenly inter-
leaved in the payload area of the microwave air interface
frame, and the payload area and the pilot that is in the
microwave overhead and used to estimate a microwave
channel parameter may be also evenly arranged in an
interleaved manner.

[0063] The common information and the radio signal
information may constitute the digital fronthaul data ac-
cording to a standard open interface protocol. Currently,
a standard open interface protocol widely applied in the
industry includes a common public radio interface (Eng-
lish: Common Public Radio Interface, CPRI for short) and
the Open Base Station Architecture Initiative (English:
Open Base Station Architecture Initiative, OBSAI for
short). Function types and interface specifications of the
two interface protocols are different, but the method pro-
vided in this embodiment of the present invention may
be used to transmit digital fronthaul data of both the two
interface protocols. For example, when the standard
open interface protocol is the CPRI, the digital fronthaul
data is referred to as a CPRI frame, the common infor-
mation is referred to as a control word (English: Control
Word, CW for short), and the radio signal information is
referred to as an antenna carrier (English: Antenna Car-
rier, AxC for short); in this case, a frame structure of the
generated microwave air interface frame may be shown
in FIG. 3. An overhead of the microwave air interface
frame includes at least two microwave overheads, that
is, a preamble (English: preamble) and a pilot (English:
pilot), and a payload of the microwave air interface frame
includes two payloads, that is, an AxC and 1/Q data of a
CW. For example, the preamble is located on first m (for
example, m is 36) symbols of the microwave air interface
frame, the pilot and a payload area of the microwave air
interface frame are evenly arranged in an interleaved
manner, each pilot may include x (for example, x is 1)
symbols, the I/Q data of the CW and the AxC are evenly
interleaved in the payload area of the microwave air in-
terface frame, each common information location may
include y (for example, y is 1) pieces of I/Q data of the
CW, and each radio signal information location may in-
clude n (for example, n is 4) AxCs.

[0064] It can be learned that, the pilot and the payload
area of the microwave air interface frame are evenly ar-
ranged in an interleaved manner, so that it is convenient
for the second microwave device to use a microwave
channel parameter obtained by means of estimation ac-
cording to the pilot to perform channel damage compen-
sation for the radio signal information and the 1/Q data of
the common information. Performance of channel dam-
age compensation depends on a pilot interval, and a
smaller interval leads to better compensation perform-
ance but requires a higher microwave signal bandwidth;
therefore, the pilot interval may be designed (for exam-
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ple, a value of the pilot interval may be 32) according to
a system performance requirement. The I/Q data of the
common information and the radio signal information are
evenly interleaved in the payload area of the microwave
air interface frame, so that, on one hand, the common
information may be used to estimate a microwave chan-
nel parameter, and on the other hand, a buffering amount
required for a system may be reduced, and a system
delay may be shortened.

104. The first microwave device sends the micro-
wave air interface frame.

[0065] After generating the microwave air interface
frame in a time division multiplexing manner based on
the radio signal information and the 1/Q data of the com-
mon information, the first microwave device may send
the microwave air interface frame. For example, after
processing, such as shaping and filtering, digital-to-an-
alog conversion, and up-conversion, is performed on the
microwave air interface frame, a microwave radio fre-
quency signal may be generated, and then the micro-
wave radio frequency signal may be sent by using a mi-
crowave air interface.

[0066] According to the digital fronthaul data transmis-
sion method provided in this embodiment of the present
invention, a first microwave device generates a micro-
wave air interface frame in a time division multiplexing
manner based on radio signal information and 1/Q data
of common information, and arranges a pilot in a micro-
wave overhead and a payload area at a preset interval
in an interleaved manner, so that the radio signal infor-
mation, the I/Q data of the common information, and the
microwave overhead can be transmitted over one micro-
wave channel, and when quality of the transmitted radio
signal information is reduced because of damage to the
microwave channel caused by multipath, phase noise,
frequency offset, 1/Q imbalance, or the like, a second
microwave device can compensate, by using a channel
parameter such as multipath, phase noise, frequency off-
set, or I/Q imbalance determined according to the pilot
included in the microwave overhead, for the damage to
the microwave channel on which the radio signal infor-
mation is transmitted, thereby improving system perform-
ance of a distributed base station. In addition, the radio
signal information and the 1/Q data of the common infor-
mation are transmitted in a time division multiplexing
manner over one microwave channel, so that an entire
microwave system is a single-carrier system; therefore,
hardware complexity is reduced and costs are reduced.
[0067] Inthis embodimentofthe presentinvention, fur-
ther, step 103 may specifically include: generating, by
the first microwave device, a transmit clock of the micro-
wave air interface frame and a header indication signal
of the microwave air interface frame; inserting, by the
first microwave device, the preamble in the microwave
overhead into a header location of the microwave air in-
terface frame under the control of the transmit clock of
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the microwave air interface frame and the header indi-
cation signal of the microwave air interface frame; and
encapsulating, by the first microwave device, the radio
signal information and the 1/Q data of the common infor-
mation into the payload area of the microwave air inter-
face frame, and arranging the pilot and the payload area
atthe presetinterval in an interleaved manner, according
to a uniform interpolation algorithm under the control of
the transmit clock of the microwave air interface frame
and the header indication signal of the microwave air
interface frame.

[0068] Inthis embodiment of the presentinvention, fur-
ther, before the encapsulating, by the first microwave de-
vice, the radio signal information and the I/Q data of the
common information into the payload area of the micro-
wave air interface frame, and arranging the pilot and the
payload area at the presetinterval in an interleaved man-
ner, according to a uniform interpolation algorithm under
the control of the transmit clock of the microwave air in-
terface frame and the header indication signal of the mi-
crowave air interface frame, the digital fronthaul data
transmission method may further include: buffering, by
the first microwave device, the radio signal information,
so as to adapt to a rate of the radio signal information in
the payload area of the microwave air interface frame;
and buffering, by the first microwave device, the I/Q data
of the common information, so as to adapt to a rate of
the I/Q data that is of the common information and in the
payload area of the microwave air interface frame.
[0069] Correspondingly, the encapsulating, by the first
microwave device, the radio signal information and the
1/Q data of the common information into the payload area
of the microwave air interface frame, and arranging the
pilot and the payload area at the preset interval in an
interleaved manner, according to a uniform interpolation
algorithm under the control of the transmit clock of the
microwave air interface frame and the header indication
signal of the microwave air interface frame may specifi-
cally include: reading, by the first microwave device, the
buffered radio signal information and the buffered I/Q da-
ta of the common information, encapsulating the radio
signal information and the 1/Q data of the common infor-
mation into the payload area of the microwave air inter-
face frame, and arranging the pilot and the payload area
at the presetinterval in aninterleaved manner, under the
control of the transmit clock of the microwave air interface
frame and the header indication signal of the microwave
air interface frame.

[0070] Inthis embodiment of the presentinvention, fur-
ther, in a first possible implementation manner, a syn-
chronization clock processing manner may be used to
generate the transmit clock of the microwave air interface
frame and the header indication signal of the microwave
air interface frame; in this case, the generating, by the
first microwave device, a transmit clock of the microwave
air interface frame and a header indication signal of the
microwave air interface frame may specifically include:
restoring, by the first microwave device, a digital fronthaul
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data clock from the digital fronthaul data, and tracking
the digital fronthaul data clock to obtain the transmit clock
of the microwave air interface frame; performing, by the
first microwave device according to a frame protocol of
the digital fronthaul data, frame synchronization process-
ing on the digital fronthaul data under the control of the
digital fronthaul data clock to generate a header indica-
tion signal of the digital fronthaul data; delaying, by the
first microwave device, the header indication signal of
the digital fronthaul data under the control of the digital
fronthaul data clock, so that the delayed header indica-
tion signal of the digital fronthaul data is aligned with the
1/Q data of the common information; and performing, by
the first microwave device, N times frequency division
processing on the delayed header indication signal of the
digital fronthaul data under the control of the transmit
clock of the microwave air interface frame to obtain the
header indication signal of the microwave air interface
frame, so that a frame period of the microwave air inter-
face frame is N times longer than a frame period of the
digital fronthaul data, so as to facilitate restoration of the
digital fronthaul data by the second microwave device,
where N is a positive integer.

[0071] A delay amount by which the header indication
signal of the digital fronthaul data is delayed needs to
ensure that an empty or full state does not occur in the
buffered radio signal information and the buffered I/Q da-
ta of the common information.

[0072] Inthis embodimentofthe presentinvention, fur-
ther, when the synchronization clock processing manner
is used to generate the transmit clock of the microwave
airinterface frame and the header indication signal of the
microwave air interface frame, because a length of the
radio signal information in the microwave air interface
frame and a length of the 1/Q data of the common infor-
mation in the microwave air interface frame are fixed, the
reading the buffered radio signal information and the buff-
ered 1/Q data of the common information, encapsulating
the radio signal information and the 1/Q data of the com-
mon information into the payload area of the microwave
air interface frame, and arranging the pilot and the pay-
load area at the preset interval in an interleaved manner,
according to the uniform interpolation algorithm may spe-
cifically include:

generating, by the first microwave device, a first lo-
cation indication signal according to a preset length
of the payload area of the microwave air interface
frame and a preset length of the pilot by using the
uniform interpolation algorithm, where the first loca-
tion indication signal is used to indicate a location of
the pilot in the microwave air interface frame;

generating, by the first microwave device at a loca-
tion in the microwave air interface frame except the
location indicated by the first location indication sig-
nal, a second location indication signal according to
the preset length of the payload area of the micro-
wave air interface frame, the preset length of the
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pilot, and a preset length of the radio signal informa-
tion by using the uniform interpolation algorithm,
where the second location indication signal is used
to indicate a location of the radio signal information
in the payload area of the microwave air interface
frame;

generating, by the first microwave device at a loca-
tion in the microwave air interface frame except the
location indicated by the first location indication sig-
nal and the location indicated by the second location
indication signal, a third location indication signal ac-
cording to the preset length of the payload area of
the microwave air interface frame, the preset length
of the pilot, the preset length of the radio signal in-
formation, and a preset length of the I/Q data of the
common information by using the uniform interpola-
tion algorithm, where the third location indication sig-
nal is used to indicate a location of the I/Q data of
the common information into the payload area of the
microwave air interface frame; and

inserting, by the first microwave device, the radio
signal information and the 1/Q data of the common
information into the payload area of the microwave
air interface frame, and arranging the pilot and the
payload area in an interleaved manner, under the
control of the first location indication signal, the sec-
ond location indication signal, and the third location
indication signal.

[0073] In addition, the first microwave device may fur-
ther insert padding data or other service data into a sur-
plus payload area according to the uniform interpolation
algorithm.

[0074] The preset length of the payload area of the
microwave air interface frame, the preset length of the
pilot, the preset length of the radio signal information,
and the preset length of the 1/Q data of the common in-
formation may be preconfigured by the system.

[0075] Inthis embodiment of the presentinvention, the
uniform interpolation algorithm used by the first micro-
wave device may be a X-A algorithm.

[0076] Inthis embodiment of the presentinvention, fur-
ther, in a second possible implementation manner, an
asynchronous clock processing manner may be used to
generate the transmit clock of the microwave air interface
frame and the header indication signal of the microwave
air interface frame; in this case, the generating, by the
first microwave device, a transmit clock of the microwave
air interface frame and a header indication signal of the
microwave air interface frame may specifically include:
generating, by the first microwave device, the transmit
clock of the microwave air interface frame by using a
local oscillator; and generating, by the first microwave
device, the header indication signal of the microwave air
interface frame according to a preset length of the micro-
wave air interface frame under the control of the transmit
clock of the microwave air interface frame.

[0077] Inthis embodiment of the presentinvention, fur-
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ther, when the asynchronous clock processing manner
is used to generate the transmit clock of the microwave
airinterface frame and the header indication signal of the
microwave air interface frame, a length of the radio signal
information in the microwave air interface frame and a
length of the 1/Q data of the common information in the
microwave air interface frame vary, and variations of the
lengths depend on a difference between the digital
fronthaul data clock and the transmit clock that is of the
microwave air interface frame; therefore, the length of
the radio signal information and the length of the I/Q data
of the common information need to be calculated in real
time according to a variation of a buffering depth (calcu-
lating the length of the radio signal information and the
length of the 1/Q data of the common information in real
time may avoid a fault in the transmitted radio signal in-
formation and common information caused because a
cache becomes empty or full due to the difference be-
tween the digital fronthaul data clock and the transmit
clock that is of the microwave air interface frame). In this
case, the reading the buffered radio signal information
and the buffered I/Q data of the common information,
encapsulating the radio signal information and the 1/Q
data of the common information into the payload area of
the microwave air interface frame, and arranging the pilot
and the payload area at the preset interval in an inter-
leaved manner, according to the uniform interpolation
algorithm may specifically include:

generating, by the first microwave device, a first lo-
cation indication signal according to a preset length
of the payload area of the microwave air interface
frame and a preset length of the pilot by using the
uniform interpolation algorithm, where the first loca-
tion indication signal is used to indicate a location of
the pilot in the microwave air interface frame;
calculating, by the first microwave device, the length
of the radio signal information, and generating, at a
location in the microwave air interface frame except
the location indicated by the first location indication
signal, a second location indication signal by using
the uniform interpolation algorithm, according to the
preset length of the payload area of the microwave
air interface frame, the preset length of the pilot, and
a variation of a datalength of the buffered radio signal
information, where the length of the radio signal in-
formation is used to indicate a length of the radio
signal information in the payload area of the micro-
wave air interface frame, and the second location
indication signal is used to indicate a location of the
radio signal information in the payload area of the
microwave air interface frame;

calculating, by the first microwave device, the length
of the I/Q data of the common information, and gen-
erating, at a location in the microwave air interface
frame except the location indicated by the first loca-
tion indication signal and the location indicated by
the second location indication signal, a third location
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indication signal by using the uniform interpolation
algorithm, according to the preset length of the pay-
load area of the microwave air interface frame, the
presetlength of the pilot, the length of the radio signal
information obtained by means of calculation, and a
variation of a data length of the buffered 1/Q data of
the common information, where the length of the 1/Q
data of the common information is used to indicate
a length of the 1/Q data of the common information
into the payload area of the microwave air interface
frame, and the third location indication signal is used
to indicate a location of the 1/Q data of the common
information into the payload area of the microwave
air interface frame; and

inserting, by the first microwave device, the radio
signal information and the 1/Q data of the common
information into the payload area of the microwave
air interface frame, and arranging the pilot and the
payload area in an interleaved manner, under the
control of the first location indication signal, the sec-
ond location indication signal, and the third location
indication signal, where the length of the payload
area of the microwave air interface frame is greater
than the sum of the length of the pilot, the length of
the radio signal information, and the length of the 1/Q
data of the common information.

[0078] In addition, the first microwave device may fur-
ther insert padding data or other service data into a sur-
plus payload area according to the uniform interpolation
algorithm.

[0079] Inthis embodiment of the presentinvention, the
uniform interpolation algorithm used by the first micro-
wave device may be a X-A algorithm.

[0080] Inthis embodiment of the presentinvention, fur-
ther, the microwave overhead may further include the
length of the radio signal information and the length of
the 1/Q data of the common information.

[0081] Inthis embodiment of the presentinvention, fur-
ther, step 103 may specifically include: inserting, by the
first microwave device, the length of the radio signal in-
formation into a location after the preamble and before
the payload area of the microwave air interface frame
under the control of the transmit clock of the microwave
air interface frame and the header indication signal of the
microwave air interface frame; and inserting, by the first
microwave device, the length of the 1/Q data of the com-
mon information into a location after the preamble and
before the payload area of the microwave air interface
frame under the control of the transmit clock of the mi-
crowave air interface frame and the header indication
signal of the microwave air interface frame.

[0082] Inthis embodimentof the presentinvention, fur-
ther, to reduce a microwave signal bandwidth occupied
when the common information is being transmitted, be-
fore step 102, the digital fronthaul data transmission
method may further include: performing, by the first mi-
crowave device, compression processing on the com-
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mon information, to reduce a bit rate of the common in-
formation and reduce the microwave signal bandwidth
occupied when the common information is being trans-
mitted, where compression processing on the common
information may be implemented by deleting idle infor-
mation, which is not specifically limited in this embodi-
ment of the present invention.

[0083] Correspondingly, step 102 may specifically in-
clude: performing, by the first microwave device, digital
QAM on the compressed common information to obtain
the 1/Q data of the common information.

[0084] Inthis embodimentofthe presentinvention, fur-
ther, to reduce a microwave signal bandwidth occupied
when the radio signal information is being transmitted,
before step 103, the digital fronthaul data transmission
method may further include: obtaining, by the first micro-
wave device, at least one piece of antenna-carrier 1/Q
data from the radio signal information; performing, by the
first microwave device, compression processing on each
piece of antenna-carrier 1/Q data, to reduce an 1/Q sam-
pling rate and reduce the microwave signal bandwidth
occupied whenthe radio signal information is being trans-
mitted; and combining, by the first microwave device, the
compressed antenna-carrier 1/Q data to generate com-
pressed radio signal information, where compression
processing on the antenna-carrier I/Q data can be imple-
mented by means of processing such as extraction or
filtering, which is not specifically limited in this embodi-
ment of the present invention.

[0085] Correspondingly, step 103 may specifically in-
clude: generating, by the first microwave device, the mi-
crowave air interface frame in a time division multiplexing
manner based on the compressed radio signal informa-
tion and the 1/Q data of the common information.
[0086] Inthis embodimentofthe presentinvention, fur-
ther, when the first microwave device performs compres-
sion processing on the common information, to make the
second microwave device perform decompression
processing on received data by using a decompression
method corresponding to the compression method used
by the first microwave device, the microwave overhead
may further include a compression parameter used when
compression processing is being performed on the com-
mon information.

[0087] Correspondingly, step 103 may further specifi-
cally include: inserting, by the first microwave device into
alocation after the preamble and before the payload area
of the microwave air interface frame under the control of
the transmit clock of the microwave air interface frame
and the header indication signal of the microwave air
interface frame, the compression parameter used when
compression processing is being performed on the com-
mon information.

[0088] It should be noted that, in this embodiment of
the present invention, alternatively, the compression pa-
rameter used when compression processingis being per-
formed on the common information may be preconfig-
ured on the first microwave device and the second mi-
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crowave device; in this case, the microwave overhead
does not need to include the compression parameter
used when compression processing is being performed
on the common information.

[0089] In this embodiment of the presentinvention, fur-
ther, when the first microwave device performs compres-
sion processing on the radio signal information, to make
the second microwave device perform decompression
processing on received data by using a decompression
method corresponding to the compression method used
by the first microwave device, the microwave overhead
may furtherinclude a compression parameter used when
compression processing is being performed on each
piece of antenna-carrier I/Q data.

[0090] Correspondingly, step 103 may further specifi-
cally include: inserting, by the first microwave device into
alocation after the preamble and before the payload area
of the microwave air interface frame under the control of
the transmit clock of the microwave air interface frame
and the header indication signal of the microwave air
interface frame, the compression parameter used when
compression processing is being performed on each
piece of antenna-carrier I/Q data.

[0091] It should be noted that, in this embodiment of
the present invention, alternatively, the compression pa-
rameterused when compression processing is being per-
formed on each piece of antenna-carrier 1/Q data may
be preconfigured on the first microwave device and the
second microwave device; in this case, the microwave
overhead does not need to include the compression pa-
rameterused when compression processing is being per-
formed on each piece of antenna-carrier 1/Q data.
[0092] Another embodiment of the present invention
provides a digital fronthaul data receiving method. As
shown in FIG. 4, the method may include the following
steps:

201. A second microwave device receives a micro-
wave air interface frame from a microwave air inter-
face.

[0093] The second microwave device may receive a
microwave radio frequency signal from the microwave
air interface, and after receiving the microwave radio fre-
quency signal, perform processing such as down-con-
version, analog-to-digital conversion, and filtering on the
microwave radio frequency signal to generate the micro-
wave air interface frame.

202. The second microwave device obtains a micro-
wave overhead, radio signal information, and 1/Q da-
ta of common information that are in the microwave
air interface frame.

[0094] After receiving the microwave air interface
frame, the second microwave device may parse the mi-
crowave air interface frame to extract the microwave
overhead, the radio signal information, and the 1/Q data
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of the common information that are included in the mi-
crowave air interface frame.

[0095] The microwave overhead mayinclude a pream-
ble and a pilot, where the preamble is used to perform
frame synchronization processing on the microwave air
interface frame, the pilot is used to estimate a microwave
channel parameter, and the microwave channel param-
eter is used to perform channel damage compensation.
In addition, to improve performance of channel damage
compensation, the radio signal information and the 1/Q
data of the common information are encapsulated in a
payload area of the microwave air interface frame, and
the pilotin the microwave overhead and the payload area
are arranged at a preset interval in an interleaved man-
ner.

203. The second microwave device performs chan-
nel damage estimation according to a pilot.

[0096] In order that, when quality of a transmitted sig-
nal is reduced because of damage to a microwave chan-
nel caused by multipath, phase noise, frequency offset,
1/Q imbalance, or the like, the second microwave device
can implement compensation for the damage to the
channel on which the signal is transmitted, so as to im-
prove quality of the received signal, the second micro-
wave device may perform channel damage estimation
according to the pilotincluded in the extracted microwave
overhead, to obtain the microwave channel parameter,
where the microwave channel parameter may include
butis not limited to at least one of the following: multipath,
phase noise, frequency offset, or 1/Q imbalance.

204. The second microwave device performs chan-
nel damage compensation for the radio signal infor-
mation and the 1/Q data of the common information.

[0097] A first microwave device generates the micro-
wave air interface frame in a time division multiplexing
manner based on the radio signal information and the
1/Q data of the common information, and the pilot in the
microwave overhead and the payload area are arranged
at the preset interval in an interleaved manner, that is,
the radio signal information, the I/Q data of the common
information, and the microwave overhead are transmit-
ted over one microwave channel; therefore, the micro-
wave channel parameter obtained by means of channel
damage estimation according to the microwave over-
head may be used to perform channel damage compen-
sation for the radio signal information and the I/Q data of
the common information. For example, the second mi-
crowave device may perform channel damage compen-
sation for the radio signal information and the I/Q data of
the common information according to a preset compen-
sation algorithm and the microwave channel parameter
obtained in step 203.

[0098] Inthis embodimentofthe presentinvention, fur-
ther, the preset compensation algorithm may include but
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is not limited to at least one of the following: a multipath
balancing algorithm, a phase noise compensation algo-
rithm, a frequency offset compensation algorithm, or an
1/Q imbalance compensation algorithm.

205. The second microwave device performs digital
demodulation on the I/Q data of the common infor-
mation that is obtained after channel damage com-
pensation, to generate the common information.
206. The second microwave device recombines the
common information and the radio signal information
that is obtained after channel damage compensa-
tion, to generate digital fronthaul data, and sends the
digital fronthaul data.

[0099] After performing channel damage compensa-
tion for the 1/Q data of the common information, perform-
ing digital demodulation to generate the common infor-
mation, and performing channel damage compensation
for the radio signal information, the second microwave
device may recombine the generated common informa-
tion and the radio signal information that is obtained after
channel damage compensation, to generate the digital
fronthaul data, and the second microwave device may
send the generated digital fronthaul data to an RRU con-
nected to the second microwave device.

[0100] According to the digital fronthaul data receiving
method provided in this embodiment of the present in-
vention, a first microwave device generates a microwave
air interface frame in a time division multiplexing manner
based on radio signal information and I/Q data of com-
mon information, and arranges a pilot in a microwave
overhead and a payload area at a preset interval in an
interleaved manner, that is, the radio signal information,
the 1/Q data of the common information, and the micro-
wave overhead are transmitted over one microwave
channel. In this way, when quality of the transmitted radio
signal information is reduced because of damage to the
microwave channel caused by multipath, phase noise,
frequency offset, 1/Q imbalance, or the like, a second
microwave device can compensate, by using a channel
parameter such as multipath, phase noise, frequency off-
set, or I/Q imbalance determined according to the pilot
included in the microwave overhead, for the damage to
the microwave channel on which the radio signal infor-
mationis transmitted, thereby improving system perform-
ance of a distributed base station. In addition, the radio
signal information and the 1/Q data of the common infor-
mation are transmitted in a time division multiplexing
manner over one microwave channel, so that an entire
microwave system is a single-carrier system; therefore,
hardware complexity is reduced and costs are reduced.
[0101] Inthis embodiment of the presentinvention, fur-
ther, the preambile is located before the payload area of
the microwave air interface frame.

[0102] Inthis embodiment of the presentinvention, fur-
ther, step 202 may specifically include: performing, by
the second microwave device, frame synchronization
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processing on the microwave air interface frame accord-
ing to the preamble in the microwave overhead to gen-
erate a header indication signal of the microwave air in-
terface frame; and extracting, by the second microwave
device, the pilot, the radio signal information, and the I/Q
data of the common information according to a uniform
interpolation algorithm under the control of the header
indication signal of the microwave air interface frame.
[0103] Inthis embodimentofthe presentinvention, fur-
ther, in afirst possible implementation manner, when the
first microwave device uses a synchronization clock
processing manner to generate a transmit clock of the
microwave air interface frame and the header indication
signal of the microwave airinterface frame, the extracting
the pilot, the radio signal information, and the 1/Q data of
the common information according to a uniform interpo-
lation algorithm may specifically include:

generating, by the second microwave device, a first
location indication signal according to a presetlength
of the payload of the microwave air interface frame
and a preset length of the pilot by using the uniform
interpolation algorithm, where the first location indi-
cation signal is used to indicate a location of the pilot
in the microwave air interface frame;

generating, by the second microwave device, a sec-
ond location indication signal according to the preset
length of the payload of the microwave air interface
frame, the preset length of the pilot, and a preset
length of the radio signal information by using the
uniform interpolation algorithm, where the second
location indication signal is used to indicate a loca-
tion of the radio signal information in the payload
area of the microwave air interface;

generating, by the second microwave device, a third
location indication signal according to the preset
length of the payload of the microwave air interface
frame, the preset length of the pilot, the preset length
of the radio signal information, and a preset length
of the 1/Q data of the common information by using
the uniform interpolation algorithm, where the third
location indication signal is used to indicate a loca-
tion of the 1/Q data of the common information into
the payload area of the microwave air interface; and
extracting, by the second microwave device, the pi-
lot, the radio signal information, and the 1/Q data of
the common information from the microwave air in-
terface frame under the control of the first location
indication signal, the second location indication sig-
nal, and the third location indication signal.

[0104] The preset length of the payload area of the
microwave air interface frame, the preset length of the
pilot, the preset length of the radio signal information,
and the preset length of the 1/Q data of the common in-
formation may be preconfigured by the system.

[0105] Inthis embodimentofthe presentinvention, fur-
ther, in a second possible implementation manner, when
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the first microwave device uses an asynchronous clock
processing manner to generate a transmit clock of the
microwave air interface frame and the header indication
signal of the microwave air interface frame, the extracting
the pilot, the radio signal information, and the 1/Q data of
the common information according to a uniform interpo-
lation algorithm may specifically include:

generating, by the second microwave device, a first
location indication signal according to a presetlength
of the payload of the microwave air interface frame
and a preset length of the pilot by using the uniform
interpolation algorithm, where the first location indi-
cation signal is used to indicate a location of the pilot
in the microwave air interface frame;

generating, by the second microwave device by us-
ing the uniform interpolation algorithm, a second lo-
cationindication signal according to the presetlength
of the payload of the microwave air interface frame,
the preset length of the pilot, and a length that is of
the radio signal information and thatis extracted from
the microwave overhead, where the second location
indication signal is used to indicate a location of the
radio signal information in the payload area of the
microwave air interface;

generating, by the second microwave device by us-
ing the uniform interpolation algorithm, a third loca-
tion indication signal according to the preset length
of the payload of the microwave air interface frame,
the preset length of the pilot, the length that is of the
radio signal information and that is extracted from
the microwave overhead, and a length that is of the
1/Q data of the common information and that is ex-
tracted from the microwave overhead, where the
third location indication signal is used to indicate a
location of the 1/Q data of the common information
into the payload area of the microwave air interface;
and

extracting, by the second microwave device, the pi-
lot, the radio signal information, and the I/Q data of
the common information from the microwave air in-
terface frame under the control of the first location
indication signal, the second location indication sig-
nal, and the third location indication signal.

[0106] Inthis embodiment of the presentinvention, fur-
ther, toimprove performance of compensation forachan-
nel on which a signal is transmitted, when the second
microwave device performs channel damage estimation,
the method may further include: performing channel
damage estimation according to the I/Q data of the com-
mon information.

[0107] Compensation performance of channel dam-
age compensation performed by the second microwave
device by using a microwave channel parameter ob-
tained according to the pilot and the I/Q data of the com-
mon information is better than compensation perform-
ance of channel damage compensation performed by
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using the microwave channel parameter obtained ac-
cording to the pilot. The microwave channel parameter
obtained by the second microwave device according to
the pilot may include phase noise and frequency offset,
and a microwave channel parameter such as multipath
or 1/Q imbalance may be obtained according to one or
two of the pilot and the I/Q data of the common informa-
tion.

[0108] Inthis embodimentofthe presentinvention, fur-
ther, before step 206, the digital fronthaul data receiving
method may further include: buffering, by the second mi-
crowave device, the common information, so as to adapt
to arate of the common information in the digital fronthaul
data; and buffering, by the second microwave device,
the radio signal information obtained after channel dam-
age compensation, so as to adapt to a rate of the radio
signal information that is obtained after channel damage
compensation and in the digital fronthaul data.

[0109] Correspondingly, that the second microwave
device recombines the common information and the ra-
dio signal information that is obtained after channel dam-
age compensation, to generate digital fronthaul data in
step 206 may specifically include: generating, by the sec-
ond microwave device, a transmit clock of the digital
fronthaul data and a header indication signal of the digital
fronthaul data; and reading, by the second microwave
device according to a frame protocol of the digital
fronthaul data under the control of the transmit clock of
the digital fronthaul data and the header indication signal
of the digital fronthaul data, the buffered common infor-
mation and the buffered radio signal information that is
obtained after channel damage compensation, to gener-
ate the digital fronthaul data.

[0110] Inthis embodimentofthe presentinvention, fur-
ther, in afirst possible implementation manner, when the
first microwave device uses the synchronization clock
processing manner to generate the transmit clock of the
microwave air interface frame and the header indication
signal of the microwave air interface frame, correspond-
ingly, the generating, by the second microwave device,
a transmit clock of the digital fronthaul data and a header
indication signal of the digital fronthaul data may specif-
ically include:

restoring, by the second microwave device, a micro-
wave air interface frame clock from the microwave
air interface frame, and tracking the microwave air
interface frame clock to obtain the transmit clock of
the digital fronthaul data; performing, by the second
microwave device, frame synchronization process-
ing on the microwave air interface frame under the
control of the microwave air interface frame clock to
generate the header indication signal of the micro-
wave air interface frame; delaying, by the second
microwave device, the header indication signal of
the microwave air interface frame under the control
of the microwave air interface frame clock, so that
the delayed header indication signal of the micro-
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wave air interface frame is aligned with the common
information obtained after digital demodulation; and
performing, by the second microwave device, N
times frequency multiplication on the delayed header
indication signal of the microwave air interface frame
under the control of the transmit clock of the digital
fronthaul data, to generate the header indication sig-
nal of the digital fronthaul data, so thata frame period
of the digital fronthaul data is 1/N of a frame period
of the microwave air interface frame, where N is a
positive integer.

[0111] A delay amount by which the header indication
signal of the microwave air interface frame is delayed
needs to ensure that an empty or full state does not occur
in the buffered radio signal information and the buffered
1/Q data of the common information.

[0112] Inthis embodiment of the presentinvention, fur-
ther, in a second possible implementation manner, when
the first microwave device uses the asynchronous clock
processing manner to generate the transmit clock of the
microwave air interface frame and the header indication
signal of the microwave air interface frame, correspond-
ingly, the generating, by the second microwave device,
a transmit clock of the digital fronthaul data and a header
indication signal of the digital fronthaul data may specif-
ically include:

controlling, by the second microwave device accord-
ing to a variation of a data length of the buffered radio
signal information obtained after channel damage
compensation or a variation of a data length of the
buffered common information, a local clock genera-
tor to generate the transmit clock of the digital
fronthaul data; and generating, by the second micro-
wave device, the header indication signal of the dig-
ital fronthaul data according to a frame protocol of
the digital fronthaul data under the control of the
transmit clock of the digital fronthaul data.

[0113] Inthis embodiment of the presentinvention, fur-
ther, the reading, by the second microwave device ac-
cording to a frame protocol of the digital fronthaul data
under the control of the transmit clock of the digital
fronthaul data and the header indication signal of the dig-
ital fronthaul data, the buffered common information and
the buffered radio signal information that is obtained after
channel damage compensation, to generate the digital
fronthaul data may specifically include: performing, by
the second microwave device, synchronization on the
common information read from a cache; and recombin-
ing, by the second microwave device according to the
frame protocol of the digital fronthaul data under the con-
trol of the transmit clock of the digital fronthaul data and
the header indication signal of the digital fronthaul data,
the synchronized common information and the radio sig-
nal information that is obtained after channel damage
compensation, to generate the digital fronthaul data.

10

15

20

25

30

35

40

45

50

55

20

[0114] Inthis embodimentofthe presentinvention, fur-
ther, when the first microwave device performs compres-
sion processing on the common information to reduce a
microwave signal bandwidth occupied when the common
information is being transmitted, correspondingly, before
step 206, the digital fronthaul data receiving method may
further include: performing, by the second microwave de-
vice, decompression processing on the common infor-
mation.

[0115] For example, when the first microwave device
deletes idle information in the common information to
achieve a purpose of compressing the common informa-
tion, correspondingly, the second microwave device may
insert, according to a compression parameter used when
compression processing is being performed on the com-
mon information, the idle information into a location in
which the first microwave device deletes the idle infor-
mation, to restore an original bit rate of the common in-
formation.

[0116] Correspondingly, that the second microwave
device recombines the common information and the ra-
dio signal information that is obtained after channel dam-
age compensation, to generate digital fronthaul data in
step 206 may specifically include: recombining, by the
second microwave device, the decompressed common
information and the radio signal information that is ob-
tained after channel damage compensation, to generate
the digital fronthaul data.

[0117] Inthis embodimentof the presentinvention, fur-
ther, when the first microwave device performs compres-
sion processing on the radio signal information to reduce
a microwave signal bandwidth occupied when the radio
signal information is being transmitted, correspondingly,
before step 206, the digital fronthaul data receiving meth-
od may further include: obtaining, by the second micro-
wave device, at least one piece of antenna-carrier 1/Q
data from the radio signal information obtained after
channel damage compensation; performing, by the sec-
ond microwave device, decompression processing on
each piece of antenna-carrier I/Q data; and generating,
by the second microwave device, decompressed radio
signal information based on the decompressed antenna-
carrier 1/Q data. For example, when the first microwave
device performs processing such as extraction or filtering
to achieve a purpose of compressing the antenna-carrier
1/Q data, correspondingly, the second microwave device
may restore, by means of processing such as interpola-
tion or filtering, an original sampling rate of the antenna-
carrier 1/Q data according to a compression parameter
used when compression processing is being performed
on the antenna-carrier 1/Q data.

[0118] Correspondingly, that the second microwave
device recombines the common information and the ra-
dio signal information that is obtained after channel dam-
age compensation, to generate digital fronthaul data in
step 206 may specifically include: recombining, by the
second microwave device, the common information and
the decompressed radio signal information to generate
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the digital fronthaul data.

[0119] Inthis embodiment of the presentinvention, fur-
ther, to make the second microwave device perform de-
compression processing on received data by using a de-
compression method corresponding to the compression
method used by the first microwave device, the micro-
wave overhead may further include a compression pa-
rameterused when compression processing is being per-
formed on the common information, where the compres-
sion parameter used when compression processing is
being performed on the common information is located
after the preamble and before the payload area of the
microwave air interface frame.

[0120] Correspondingly, the performing, by the second
microwave device, decompression processing on the
common information may specifically include: extracting,
by the second microwave device, the compression pa-
rameter, in the microwave overhead, used when com-
pression processing is being performed on the common
information; and performing, by the second microwave
device, decompression processing on the common in-
formation according to the compression parameter used
when compression processing is being performed on the
common information. Decompression processing on the
common information may be implemented by adding idle
information, which is not specifically limited in this em-
bodiment of the present invention.

[0121] It should be noted that, in this embodiment of
the present invention, alternatively, the compression pa-
rameterused when compression processing is being per-
formed on the common information may be preconfig-
ured on the first microwave device and the second mi-
crowave device; in this case, the microwave overhead
does not need to include the compression parameter
used when compression processing is being performed
on the common information. Correspondingly, the per-
forming, by the second microwave device, decompres-
sion processing on the common information may specif-
ically include: performing, by the second microwave de-
vice, decompression processing on the common infor-
mation according to the preconfigured compression pa-
rameter used when compression processing is being per-
formed on the common information.

[0122] Inthis embodiment of the presentinvention, fur-
ther, to make the second microwave device perform de-
compression processing on received data by using a de-
compression method corresponding to the compression
method used by the first microwave device, the micro-
wave overhead may further include a compression pa-
rameter used when compression processing is being per-
formed on each piece of antenna-carrier 1/Q data, where
the compression parameter used when compression
processing is being performed on each piece of antenna-
carrier I/Q data is located after the preamble and before
the payload area of the microwave air interface frame.
[0123] The performing, by the second microwave de-
vice, decompression processing on each piece of anten-
na-carrier 1/Q data may specifically include: extracting,
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by the second microwave device, the compression pa-
rameter, in the microwave overhead, used when com-
pression processing is being performed on each piece
of antenna-carrier 1/Q data; and performing, by the sec-
ond microwave device, decompression processing on
each piece of antenna-carrier 1/Q data according to the
compression parameter used when compression
processing is being performed on each piece of antenna-
carrier 1/Q data. Decompression processing on the an-
tenna-carrier I/Q data may be implemented by means of
processing such as interpolation or filtering, which is not
specifically limited in this embodiment of the present in-
vention.

[0124] It should be noted that, in this embodiment of
the present invention, alternatively, the compression pa-
rameter used when compression processingis being per-
formed on each piece of antenna-carrier 1/Q data may
be preconfigured on the first microwave device and the
second microwave device; in this case, the microwave
overhead does not need to include the compression pa-
rameter used when compression processingis being per-
formed on each piece of antenna-carrier I/Q data. Cor-
respondingly, the performing, by the second microwave
device, decompression processing on each piece of an-
tenna-carrier I/Q data may specifically include: perform-
ing, by the second microwave device, decompression
processing on each piece of antenna-carrier 1/Q data ac-
cording to the preconfigured compression parameter
used when compression processing is being performed
on each piece of antenna-carrier I/Q data.

[0125] An example in which common information and
radio signal information constitute digital fronthaul data
according to a CPRI specification is used to describe a
specific process in the present invention.

[0126] Specifically, the first microwave device may
convert a CPRI frame into a microwave air interface
frame and send the microwave air interface frame to the
second microwave device, by using a processing proc-
ess described in step 101 to step 104; the second micro-
wave device may receive the microwave air interface
frame and restore the CPRI frame according to the re-
ceived microwave air interface frame, by using a process-
ing process described in step 201 to step 206. In addition,
in this scenario, the digital fronthaul data is referred to
as a CPRI frame, the common information is referred to
as a CW, and the radio signal information is referred to
as an AxC.

[0127] In a specific implementation process, the first
microwave device may restore a CPRI clock from the
CPRI frame by using a dedicated clock data restoration
element and track the CPRI clock by using a phase-
locked loop (English: Phase Locking Loop, PLL for short)
to obtain a transmit clock of the microwave air interface
frame. The second microwave device may restore a mi-
crowave air interface frame clock from the microwave air
interface frame by using a symbol synchronization algo-
rithm and track the microwave air interface frame clock
by using the PLL, to obtain a transmit clock of the CPRI
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frame.

[0128] Inthe CPRI specification, an RRU is referred to
as radio equipment (English: Radio Equipment, RE for
short), a BBU is referred to as radio equipment control
(English: Radio Equipment Control, REC for short). As
shown in FIG. 5, a CPRI protocol stack may include three
planes: auserplane (English: UserPlane), a controlman-
agement plane (English: Control Management Plane,
C&M Plane for short), and a synchronous plane (English:
synchronous plane, SYNC for short). The user plane is
mainly used to transmit antenna-carrier 1/Q data (refer to
I/Q data (English: data) shown in FIG. 5); the control man-
agement plane is mainly used to transmit control man-
agement data (refer to vendor specific (English: Vendor
specific) data, Ethernet (English: Ethernet) data, and
High-Level Data Link Control (English: High-level Data
Link Control, HDLC for short) data that are shown in FIG.
5); and the synchronous plane is mainly used to transmit
synchronous and timing data (refer to L1 inband protocol
(English: L1 inband Protocol) data shown in FIG. 5). In
addition, the foregoing data may be transmitted in a time
division multiplexing (English: Time Division Multiplex-
ing) manner, and the transmission may be classified into
electrical transmission (English: Electrical Transmission)
and optical transmission (English: Optical Transmission)
according to different transmission media.

[0129] A CPRI is a synchronous transmission link
based on a specific frame structure, where a primary
frame period of the synchronous transmission link is
1/3.84 MHZz=260.416667 ns, one primary frame includes
16 words (English: word, W for short), the first word is a
control word that is used to transmit control management
plane data and synchronous plane data, and the second
to the sixteenth words are data words that are used to
transmit user plane data. Currently, a CPRI link rate has
developed into 12165.12 Mbit/s from 614.4 Mbit/s, and
a CPRIlink at eachrate is corresponding to a same CPRI
frame structure but a different word length of a primary
frame. For example, as shown in FIG. 6, FIG. 6 is a sche-
matic structural diagram of a CPRI primary frame whose
link rate is 1228.8 Mbit/s, where a period of the CPRI
primary frame is 1/3.84 MHZ, and each word includes
two bytes.

[0130] As shown in FIG. 7, each group of 256 primary
frames may constitute one CPRI super frame, and 150
super frames constitute one CPRI 10 ms frame (a NodeB
frame number (English: NodeB Frame Number, BFN for
short) is used to represent a CPRI 10 ms frame). The
256 control words included in one super frame are clas-
sified into 64 sub-channels, each sub-channel is used to
transmit control management plane data and synchro-
nous plane data, and for data specifically transmitted on
each sub-channel, refer to FIG. 8. It may be further seen
from FIG. 8 that some sub-channels are reserved (Eng-
lish: reserved) channels and vendor specific (English:
Vendor specific) channels, and in an actual application,
all these channels may be idle channels.

[0131] User plane datais mapped into a primary frame
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in a unit of an antenna carrier, one antenna carrier in-
cludes 1/Q sampling data of one carrier of an antenna,
and one primary frame may include multiple antenna car-
riers. A CPRI link may be configured, according to a link
rate, an antenna-carrier sampling rate, and a sampling
bit width that are of the CPRI link, as a link that carries
1/Q sampling data of one or more carriers of one or more
antennas. For example, a CPRI link whose rate is 1228.8
Mbit/s may be configured as a link that carries one LTE
carrier whose signal bandwidth is 20 MHz, sampling rate
is 30.72 MHz, and sampling bit width is 15 bits, or may
be configured as a link that carries eight CDMA carriers
whose signal bandwidth is 5 MHz, sampling rate is 3.84
MHz, and sampling bit width is 14 bits.

[0132] An example in which a CPRI link whose rate is
1228.8 Mbit/s is carried by a microwave is used to de-
scribe a microwave signal bandwidth required for trans-
mitting a CPRI frame by using the method provided in
the present invention. It is assumed that the CPRI link is
configured as a link that carries one LTE carrier whose
signal bandwidth is 20 MHz, sampling rate is 30.72 MHz,
and sampling bit width is 15 bits, and a frame period of
a microwave air interface frame is designed as a period
of a CPRI super frame, that is, N=256.

[0133] In a case in which the antenna-carrier I/Q data
is not compressed, there are in total 8*256=2048 pieces
of I/Q data in one microwave air interface frame; assum-
ing that 256-order QAM is performed on a control word,
there are in total 16*256/8=512 pieces of I/Q data that is
of the control word and in one microwave air interface
frame, and the sum of the quantity of pieces of radio
signal information and the quantity of pieces of I/Q data
of the control word is a length of a payload area of the
microwave air interface frame, that is, the length of the
payload area of the microwave air interface frame is:
2048+512=2560 symbols. Assuming that a quantity x of
pilots in each pilot location is 1, and a pilot interval is 32,
a total quantity of pilots is 2560/32=80. Assuming that a
quantity m of preambles is 36, a length of a microwave
air interface frame is 36+80+2560=2676 symbols, and a
symbol rate of the microwave air interface frame is
2676/(256/3.84 M)=40.14 Mbaud/s. Assuming that a roll-
off factor of a transmit filter is 0.2, a required microwave
signal bandwidth is 40.14 M*1.2=48.144 MHz.

[0134] If compression is performed on a sampling rate
of antenna-carrier 1/Q data, and a compression ratio is
5/8, there are in total 2048*5/8=1280 pieces of |/Q data
in one microwave air interface frame; if compression is
performed on a bit rate of a control word, a compression
ratio is 3/8, and assuming that 256-order QAM is per-
formed on the control word, there are 512*3/8=192 piec-
es of 1/Q data that is of the control word and in one mi-
crowave air interface frame, and a length of a payload
area of the microwave air interface frame is
1280+192=1472 symbols. Assuming that a quantity x of
pilots in each pilot location is 1, and a pilot interval is 32,
a quantity of pilots is 1472/32=46. Assuming that a quan-
tity m of preambles is 36, a length of a microwave air
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interface frame is 36+46+1472=1554 symbols, and a
symbol rate of the microwave air interface frame is
1544/(256/3.84 M)=23.31 Mbaud/s. Assuming that aroll-
off factor of a transmit filter is 0.2, a required microwave
signal bandwidth is 23.31 M*1.2=27.972 MHz.

[0135] It should be noted that, when the digital
fronthaul data transmission method provided in the
presentinventionis applied to animplementation manner
in which "the second microwave device receives digital
fronthaul data from an RRU, converts the received digital
fronthaul data into a microwave radio frequency signal,
and then sends the microwave radio frequency signal to
the first microwave device by using a microwave air in-
terface; the first microwave device receives the micro-
wave radio frequency signal from the microwave air in-
terface, restores the digital fronthaul data according to
the received microwave radio frequency signal, and then
sends the digital fronthaul data to a BBU", for a specific
implementation process of the implementation manner,
reference may be made to the specific descriptions of
corresponding content in the embodiments correspond-
ing to FIG. 2 (which is corresponding to an implementa-
tion process in which "the second microwave device re-
ceives digital fronthaul data from an RRU, converts the
received digital fronthaul data into a microwave radio fre-
quency signal, and then sends the microwave radio fre-
quency signal to the first microwave device by using a
microwave air interface") and FIG. 4 (which is corre-
sponding to an implementation process in which "the first
microwave device receives the microwave radio frequen-
cy signal from the microwave air interface, restores the
digital fronthaul data according to the received micro-
wave radio frequency signal, and then sends the digital
fronthaul data to a BBU") in the embodiments of the
present invention.

[0136] Another embodiment of the present invention
provides a first microwave device, as shown in FIG. 9,
the first microwave device may include: a receiving unit
501, a digital fronthaul data parsing unit 502, a modula-
tion unit 503, a microwave air interface frame generating
unit 504, and a microwave transmission unit 505.
[0137] The receiving unit 501 is configured to receive
digital fronthaul data.

[0138] The digital fronthaul data parsing unit 502 is
configured to obtain common information and radio sig-
nal information from the digital fronthaul data received
by the receiving unit 501.

[0139] The modulation unit 503 is configured to per-
form digital quadrature amplitude modulation QAM on
the common information obtained by the digital fronthaul
data parsing unit 502, to obtain in-phase/quadrature 1/Q
data of the common information.

[0140] The microwave air interface frame generating
unit 504 is configured to generate a microwave air inter-
face frame in a time division multiplexing manner based
on the radio signal information obtained by the digital
fronthaul data parsing unit 502 and the 1/Q data of the
common information that is obtained by the modulation
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unit 503, where the radio signal information and the 1/Q
data of the common information are encapsulated in a
payload area of the microwave air interface frame, and
a pilot in a microwave overhead and the payload area
are arranged at a preset interval in an interleaved man-
ner.

[0141] The microwave transmission unit 505 is config-
ured to send the microwave air interface frame obtained
by the microwave air interface frame generating unit 504.
[0142] Inthis embodimentof the presentinvention, fur-
ther, the microwave air interface frame generating unit
504 is specifically configured to: generate a transmit
clock of the microwave air interface frame and a header
indication signal of the microwave air interface frame;
inserta preamble in the microwave overhead into a head-
er location of the microwave air interface frame under
the control of the transmit clock of the microwave air in-
terface frame and the header indication signal of the mi-
crowave air interface frame; and encapsulate the radio
signal information and the 1/Q data of the common infor-
mation into the payload area of the microwave air inter-
face frame, and arrange the pilot and the payload area
atthe presetinterval in an interleaved manner, according
to a uniform interpolation algorithm under the control of
the transmit clock of the microwave air interface frame
and the header indication signal of the microwave air
interface frame.

[0143] Inthis embodimentofthe presentinvention, fur-
ther, as shown in FIG. 10, the first microwave device may
further include a buffering unit 506.

[0144] The buffering unit 506 is configured to: buffer
the radio signal information and buffer the I/Q data of the
common information, before the microwave air interface
frame generating unit 504 encapsulates the radio signal
information and the 1/Q data of the common information
into the payload area of the microwave air interface
frame, and arranges the pilot and the payload area at the
presetintervalin an interleaved manner, according to the
uniform interpolation algorithm under the control of the
transmit clock of the microwave air interface frame and
the headerindication signal of the microwave airinterface
frame.

[0145] The microwave air interface frame generating
unit 504 is specifically configured to: read the radio signal
information and the 1/Q data of the common information
that are buffered by the buffering unit 506, encapsulate
the radio signal information and the 1/Q data of the com-
mon information into the payload area of the microwave
airinterface frame, and arrange the pilot and the payload
area at the preset interval in an interleaved manner, un-
der the control of the transmit clock of the microwave air
interface frame and the header indication signal of the
microwave air interface frame.

[0146] Inthis embodimentof the presentinvention, fur-
ther, the microwave air interface frame generating unit
504 is specifically configured to: restore a digital fronthaul
data clock from the digital fronthaul data, and track the
digital fronthaul data clock to obtain the transmit clock of
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the microwave air interface frame; perform frame syn-
chronization processing on the digital fronthaul data un-
der the control of the digital fronthaul data clock to gen-
erate a header indication signal of the digital fronthaul
data; delay the header indication signal of the digital
fronthaul data under the control of the digital fronthaul
data clock, so that the delayed header indication signal
of the digital fronthaul data is aligned with the I/Q data of
the common information; and perform N times frequency
division processing on the delayed header indication sig-
nal of the digital fronthaul data under the control of the
transmit clock of the microwave air interface frame to
obtain the header indication signal of the microwave air
interface frame, where N is a positive integer.

[0147] Inthis embodiment of the presentinvention, fur-
ther, the microwave air interface frame generating unit
504 is specifically configured to: generate a first location
indication signal according to a preset length of the pay-
load area of the microwave air interface frame and a pre-
set length of the pilot by using the uniform interpolation
algorithm, where the firstlocation indication signal is used
to indicate a location of the pilot in the microwave air
interface frame; generate, at a location in the microwave
air interface frame except the location indicated by the
first location indication signal, a second location indica-
tion signal according to the preset length of the payload
area of the microwave air interface frame, the preset
length of the pilot, and a preset length of the radio signal
information by using the uniform interpolation algorithm,
where the second location indication signal is used to
indicate a location of the radio signal information in the
payload area of the microwave air interface frame; gen-
erate, at a location in the microwave air interface frame
except the location indicated by the first location indica-
tion signal and the location indicated by the second lo-
cation indication signal, a third location indication signal
according to the preset length of the payload area of the
microwave air interface frame, the preset length of the
pilot, the preset length of the radio signal information,
and a preset length of the 1/Q data of the common infor-
mation by using the uniform interpolation algorithm,
where the third location indication signal is used to indi-
cate a location of the I/Q data of the common information
into the payload area of the microwave air interface
frame; and insert the radio signal information and the 1/Q
data of the common information into the payload area of
the microwave air interface frame, and arrange the pilot
and the payload area in an interleaved manner, under
the control of the first location indication signal, the sec-
ond location indication signal, and the third location indi-
cation signal.

[0148] Inthis embodiment of the presentinvention, fur-
ther, the microwave air interface frame generating unit
504 is specifically configured to: generate the transmit
clock of the microwave air interface frame by using a
local oscillator; and generate the header indication signal
of the microwave air interface frame according to a preset
length of the microwave air interface frame under the
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control of the transmit clock of the microwave airinterface
frame.

[0149] Inthis embodimentof the presentinvention, fur-
ther, the microwave air interface frame generating unit
504 is specifically configured to: generate a first location
indication signal according to a preset length of the pay-
load area of the microwave air interface frame and a pre-
set length of the pilot by using the uniform interpolation
algorithm, where thefirstlocation indication signalis used
to indicate a location of the pilot in the microwave air
interface frame; calculate, a length of the radio signal
information, and generate, at a location in the microwave
air interface frame except the location indicated by the
first location indication signal, a second location indica-
tion signal by using the uniform interpolation algorithm,
according to the preset length of the payload area of the
microwave air interface frame, the preset length of the
pilot, and a variation of a data length of the buffered radio
signal information, where the length of the radio signal
information is used to indicate a length of the radio signal
information in the payload area of the microwave air in-
terface frame, and the second location indication signal
is used to indicate a location of the radio signal informa-
tion in the payload area of the microwave air interface
frame; calculate a length of the I/Q data of the common
information, and generate, at a location in the microwave
air interface frame except the location indicated by the
first location indication signal and the location indicated
by the second location indication signal, a third location
indication signal by using the uniform interpolation algo-
rithm, according to the preset length of the payload area
of the microwave air interface frame, the preset length
of the pilot, the length of the radio signal information ob-
tained by means of calculation, and a variation of a data
length ofthe buffered 1/Q data of the common information,
where the length of the 1/Q data of the common informa-
tion is used to indicate a length of the 1/Q data of the
common information into the payload area of the micro-
wave air interface frame, and the third location indication
signal is used to indicate a location of the 1/Q data of the
common information into the payload area of the micro-
wave air interface frame; and insert the radio signal in-
formation and the 1/Q data of the common information
into the payload area of the microwave air interface
frame, and arrange the pilot and the payload area in an
interleaved manner, under the control of the first location
indication signal, the second location indication signal,
and the third location indication signal.

[0150] Inthis embodimentofthe presentinvention, fur-
ther, the microwave overhead may further include the
length of the radio signal information and the length of
the 1/Q data of the common information.

[0151] Inthis embodimentofthe presentinvention, fur-
ther, the microwave air interface frame generating unit
504 is further specifically configured to: insert the length
thatis ofthe radio signal information and in the microwave
overhead into a location after the preamble and before
the payload area of the microwave air interface frame
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under the control of the transmit clock of the microwave
air interface frame and the header indication signal of the
microwave air interface frame; and insert the length that
is of the I/Q data of the common information and in the
microwave overhead into a location after the preamble
and before the payload area of the microwave air inter-
face frame under the control of the transmit clock of the
microwave air interface frame and the header indication
signal of the microwave air interface frame.

[0152] Inthis embodiment of the presentinvention, fur-
ther, the first microwave device may further include a first
compression unit 507.

[0153] The first compression unit 507 is configured to
perform compression processing on the common infor-
mation before the modulation unit 503 performs digital
quadrature amplitude modulation QAM on the common
information to obtain the in-phase/quadrature 1/Q data of
the common information.

[0154] The modulation unit 503 is specifically config-
ured to perform digital QAM on the common information
compressed by the first compression unit 507, to obtain
the 1/Q data of the common information.

[0155] Inthis embodiment of the presentinvention, fur-
ther, the first microwave device may further include: a
separation unit 508, a second compression unit 509, and
a combination unit 510.

[0156] The separation unit 508 is configured to obtain
at least one piece of antenna-carrier 1/Q data from the
radio signal information before the microwave air inter-
face frame generating unit 504 generates the microwave
air interface frame in a time division multiplexing manner
based on the radio signal information and the 1/Q data of
the common information.

[0157] The second compression unit 509 is configured
to perform compression processing on each piece of an-
tenna-carrier I/Q data obtained by the separation unit
508.

[0158] The combination unit 510 is configured to com-
bine the antenna-carrier 1/Q data compressed by the sec-
ond compression unit 509, to generate new compressed
radio signal information.

[0159] The microwave air interface frame generating
unit 504 is specifically configured to generate the micro-
wave air interface frame in a time division multiplexing
manner based on the compressed radio signal informa-
tion and the 1/Q data of the common information.
[0160] Inthis embodiment of the presentinvention, fur-
ther, the microwave overhead may further include a com-
pression parameter used when compression processing
is being performed on the common information.

[0161] The microwave air interface frame generating
unit 504 is further specifically configured to insert, into a
location after the preamble and before the payload area
of the microwave air interface frame under the control of
the transmit clock of the microwave air interface frame
and the header indication signal of the microwave air
interface frame, the compression parameter, in the mi-
crowave overhead, used when compression processing
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is being performed on the common information.

[0162] Inthis embodimentofthe presentinvention, fur-
ther, the microwave overhead may further include a com-
pression parameter used when compression processing
is being performed on each piece of antenna-carrier 1/Q
data.

[0163] The microwave air interface frame generating
unit 504 is further specifically configured to insert, into a
location after the preamble and before the payload area
of the microwave air interface frame under the control of
the transmit clock of the microwave air interface frame
and the header indication signal of the microwave air
interface frame, the compression parameter, in the mi-
crowave overhead, used when compression processing
is being performed on each piece of antenna-carrier 1/Q
data.

[0164] It should be noted that, for a detailed working
process of each function module in the first microwave
device provided in this embodiment of the present inven-
tion, reference may be made to detailed descriptions of
acorresponding processin the method embodiment, and
details are not described in this embodiment of the
present invention.

[0165] It should be noted that, as shown in FIG. 11,
the first microwave device may specifically include three
hardware modules: an indoor unit (English: In Door Unit,
IDU for short), an outdoor unit (English: Out Door Unit,
ODU for short), and an antenna. The IDU may be con-
figured to perform modulation processing on a baseband
signal to obtain an intermediate frequency signal, the
ODU may be configured to perform processing such as
up-conversion or filtering on the intermediate frequency
signal to obtain a radio frequency signal (certainly, per-
forming modulation processing on the baseband signal
to obtain the intermediate frequency signal and perform-
ing processing such as up-conversion or filtering on the
intermediate frequency signal to obtain the radio frequen-
cy signal may also be implemented by using one hard-
ware module). Functions of the receiving unit 501, the
digital fronthaul data parsing unit 502, the modulation
unit 503, the microwave air interface frame generating
unit 504, the microwave transmission unit 505, the buff-
ering unit 506, the first compression unit 507, the sepa-
ration unit 508, the second compression unit 509, and
the combination unit 510 that are in this embodiment of
the present invention may be implemented by using one
or more of the foregoing hardware modules.

[0166] The first microwave device provided in this em-
bodiment ofthe presentinvention generates a microwave
air interface frame in a time division multiplexing manner
based on radio signal information and 1/Q data of com-
mon information, and arranges a pilot in a microwave
overhead and a payload area at a preset interval in an
interleaved manner, so that the radio signal information,
the 1/Q data of the common information, and the micro-
wave overhead can be transmitted over one microwave
channel, and when quality of the transmitted radio signal
information is reduced because of damage to the micro-
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wave channel caused by multipath, phase noise, fre-
quency offset, 1/Q imbalance, or the like, a second mi-
crowave device can compensate, by using a channel pa-
rameter such as multipath, phase noise, frequency offset,
or l/Q imbalance determined according to the pilotinclud-
ed in the microwave overhead, for the damage to the
microwave channel on which the radio signal information
is transmitted, thereby improving system performance of
a distributed base station. In addition, the radio signal
information and the 1/Q data of the common information
are transmitted in a time division multiplexing manner
over one microwave channel, so thatan entire microwave
system is a single-carrier system; therefore, hardware
complexity is reduced and costs are reduced.

[0167] Another embodiment of the present invention
provides a second microwave device, as shown in FIG.
12, the second microwave device may include: a micro-
wave receiving unit 601, a microwave air interface frame
parsing unit 602, a microwave channel parameter esti-
mation unit 603, a microwave channel damage compen-
sation unit 604, a demodulation unit 605, and a digital
fronthaul data recombination unit 606.

[0168] The microwave receiving unit 601 is configured
to receive a microwave air interface frame from a micro-
wave air interface.

[0169] The microwave air interface frame parsing unit
602 is configured to obtain a microwave overhead, radio
signal information, and in-phase/quadrature 1/Q data of
common information that are in the microwave air inter-
face frame received by the microwave receiving unit 601,
where the radio signal information and the I/Q data of the
common information are encapsulated in a payload area
of the microwave air interface frame, and a pilot in the
microwave overhead and the payload area are arranged
at a preset interval in an interleaved manner.

[0170] The microwave channel parameter estimation
unit 603 is configured to perform channel damage esti-
mation according to the pilot obtained by the microwave
air interface frame parsing unit 602.

[0171] The microwave channel damage compensation
unit 604 is configured to perform channel damage com-
pensation for the radio signal information and the I/Q data
of the common information that are obtained by the mi-
crowave air interface frame parsing unit 602.

[0172] The demodulation unit 605 is configured to per-
form digital demodulation on the 1/Q data of the common
information that is obtained after the microwave channel
damage compensation unit 604 performs channel dam-
age compensation, to generate the common information.
[0173] The digital fronthaul data recombination unit
606 is configured to: recombine the common information
obtained by the demodulation unit 605 and the radio sig-
nalinformation thatis obtained after the microwave chan-
nel damage compensation unit 604 performs channel
damage compensation, to generate digital fronthaul da-
ta, and send the digital fronthaul data.

[0174] Inthis embodimentof the presentinvention, fur-
ther, the microwave air interface frame parsing unit 602
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is specifically configured to: perform frame synchroniza-
tion processing on the microwave air interface frame ac-
cording to a preamble in the microwave overhead to gen-
erate a header indication signal of the microwave air in-
terface frame; and extract the pilot, the radio signal in-
formation, and the I/Q data of the common information
according to a uniform interpolation algorithm under the
control of the header indication signal of the microwave
air interface frame.

[0175] Inthis embodimentofthe presentinvention, fur-
ther, the microwave air interface frame parsing unit 602
is specifically configured to: generate a first location in-
dication signal according to a preset length of the payload
of the microwave air interface frame and a preset length
of the pilot by using the uniform interpolation algorithm,
where thefirstlocation indication signaliis used toindicate
alocation of the pilotin the microwave air interface frame;
generate a second location indication signal according
to the preset length of the payload of the microwave air
interface frame, the preset length of the pilot, and a preset
length of the radio signal information by using the uniform
interpolation algorithm, where the second location indi-
cation signal is used to indicate a location of the radio
signal information in the payload area of the microwave
air interface; generate a third location indication signal
according to the preset length of the payload of the mi-
crowave air interface frame, the preset length of the pilot,
the preset length of the radio signal information, and a
preset length of the 1/Q data of the common information
by using the uniform interpolation algorithm, where the
third location indication signal is used to indicate a loca-
tion of the 1/Q data of the common information into the
payload area of the microwave air interface; and extract
the pilot, the radio signal information, and the 1/Q data of
the common information from the microwave airinterface
frame under the control of the first location indication sig-
nal, the second location indication signal, and the third
location indication signal.

[0176] Inthis embodimentofthe presentinvention, fur-
ther, the microwave overhead obtained by the microwave
air interface frame parsing unit 602 may further include
a length of the radio signal information and a length of
the 1/Q data of the common information.

[0177] The length of the radio signal information is
used to indicate a length of the radio signal information
in the payload area of the microwave air interface frame,
and is located after the preamble and before the payload
area of the microwave air interface frame.

[0178] The length of the I/Q data of the common infor-
mation is used to indicate a length of the 1/Q data of the
common information into the payload area of the micro-
wave air interface frame, and is located after the pream-
ble and before the payload area of the microwave air
interface frame.

[0179] Inthis embodimentofthe presentinvention, fur-
ther, the microwave air interface frame parsing unit 602
is specifically configured to: generate a first location in-
dication signal according to a preset length of the payload
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of the microwave air interface frame and a preset length
of the pilot by using the uniform interpolation algorithm,
where thefirstlocation indication signalis used toindicate
alocation of the pilotin the microwave airinterface frame;
generate, by using the uniform interpolation algorithm, a
second location indication signal according to the preset
length of the payload of the microwave air interface
frame, the preset length of the pilot, and the length that
is of the radio signal information and that is extracted
from the microwave overhead, where the second location
indication signal is used to indicate a location of the radio
signal information in the payload area of the microwave
air interface; generate, by using the uniform interpolation
algorithm, a third location indication signal according to
the preset length of the payload of the microwave air
interface frame, the preset length of the pilot, the length
that is of the radio signal information and that is extracted
from the microwave overhead, and the length that is of
the 1/Q data of the common information and that is ex-
tracted from the microwave overhead, where the third
location indication signal is used to indicate a location of
the 1/Q data of the common information into the payload
area of the microwave air interface; and extract the pilot,
the radio signal information, and the 1/Q data of the com-
mon information from the microwave air interface frame
under the control of the first location indication signal, the
second location indication signal, and the third location
indication signal.

[0180] Inthis embodiment of the presentinvention, fur-
ther, the microwave channel parameter estimation unit
603 is further configured to perform channel damage es-
timation according to the 1/Q data of the common infor-
mation.

[0181] The microwave channel parameter estimation
unit 603 may obtain a microwave channel parameter after
performing channel damage estimation according to the
pilot or according to the pilot and the 1/Q data of the com-
mon information, where the microwave channel param-
eter includes at least one of the following: multipath,
phase noise, frequency offset, or I/Q imbalance.

[0182] Inthis embodiment of the presentinvention, fur-
ther, the microwave channel damage compensation unit
604 may perform, according to a preset compensation
algorithm, channel damage compensation for the radio
signal information and the 1/Q data of the common infor-
mation that are obtained by the microwave air interface
frame parsing unit 602. The preset compensation algo-
rithm includes at least one of the following: a multipath
balancing algorithm, a phase noise compensation algo-
rithm, a frequency offset compensation algorithm, or an
1/Q imbalance compensation algorithm.

[0183] Inthis embodiment of the presentinvention, fur-
ther, as shown in FIG. 13, the second microwave device
may further include a buffering unit 607.

[0184] The buffering unit 607 is configured to: before
the digital fronthaul data recombination unit 606 recom-
bines the common information and the radio signal infor-
mation that is obtained after channel damage compen-
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sation, to generate the digital fronthaul data, buffer the
common information, and buffer the radio signal informa-
tion obtained after channel damage compensation.
[0185] The digital fronthaul data recombination unit
606 is specifically configured to: generate a transmit
clock of the digital fronthaul data and a header indication
signal of the digital fronthaul data; and read, under the
control of the transmit clock of the digital fronthaul data
and the header indication signal of the digital fronthaul
data, the common information and the radio signal infor-
mation obtained after channel damage compensation
that are buffered by the buffering unit 607, to generate
the digital fronthaul data.

[0186] Inthis embodimentofthe presentinvention, fur-
ther, the digital fronthaul data recombination unit 606 is
specifically configured to: restore a microwave air inter-
face frame clock from the microwave air interface frame,
and track the microwave air interface frame clock to ob-
tain the transmit clock of the digital fronthaul data; per-
form frame synchronization processing on the micro-
wave air interface frame under the control of the micro-
wave air interface frame clock to generate the header
indication signal of the microwave air interface frame;
delay the header indication signal of the microwave air
interface frame under the control of the microwave air
interface frame clock, so that the delayed header indica-
tion signal of the microwave air interface frame is aligned
with the common information obtained after digital de-
modulation; and perform N times frequency multiplication
on the delayed header indication signal of the microwave
air interface frame under the control of the transmit clock
of the digital fronthaul data, to generate the header indi-
cation signal of the digital fronthaul data, where N is a
positive integer.

[0187] Inthis embodimentofthe presentinvention, fur-
ther, the digital fronthaul data recombination unit 606 is
specifically configured to: control, according to a variation
of a data length of the buffered radio signal information
obtained after channel damage compensation or a vari-
ation of a data length of the buffered common information,
a local clock generator to generate the transmit clock of
the digital fronthaul data; and generate the header indi-
cation signal of the digital fronthaul data under the control
of the transmit clock of the digital fronthaul data.

[0188] Inthis embodimentofthe presentinvention, fur-
ther, the digital fronthaul data recombination unit 606 is
specifically configured to: perform synchronization on the
common information read from a cache; and recombine,
under the control of the transmit clock of the digital
fronthaul data and the header indication signal of the dig-
ital fronthaul data, the synchronized common information
and the radio signal information that is obtained after
channel damage compensation, to generate the digital
fronthaul data.

[0189] Inthis embodimentofthe presentinvention, fur-
ther, the second microwave device may further include
a first decompression unit 608.

[0190] The first decompression unit 608 is configured
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to perform decompression processing on the common
information before the digital fronthaul data recombina-
tion unit 606 recombines the common information and
the radio signal information that is obtained after channel
damage compensation, to generate digital fronthaul da-
ta.

[0191] The digital fronthaul data recombination unit
606 is specifically configured to: recombine the common
information decompressed by the first decompression
unit 608 and the radio signal information that is obtained
afterchannel damage compensation, to generate the dig-
ital fronthaul data.

[0192] In this embodiment of the presentinvention, fur-
ther, the second microwave device may further include:
a separation unit 609, a second decompression unit 610,
and a recombination unit 611.

[0193] The separation unit 609 is configured to: before
the digital fronthaul data recombination unit 606 recom-
bines the common information and the radio signal infor-
mation that is obtained after channel damage compen-
sation, to generate the digital fronthaul data, obtain at
least one piece of antenna-carrier I/Q data from the radio
signal information obtained after channel damage com-
pensation.

[0194] The second decompression unit 610 is config-
ured to perform decompression processing on each
piece of antenna-carrier I/Q data obtained by the sepa-
ration unit 609.

[0195] The recombination unit 611 is configured to
generate decompressed radio signal information based
on the antenna-carrier 1/Q data decompressed by the
second decompression unit 610.

[0196] The digital fronthaul data recombination unit
606 is specifically configured to recombine the common
information and the decompressed radio signal informa-
tion obtained by the recombination unit 611, to generate
the digital fronthaul data.

[0197] Inthis embodiment of the presentinvention, fur-
ther, the microwave overhead obtained by the microwave
air interface frame parsing unit 602 further includes a
compression parameter used when compression
processing is being performed on the common informa-
tion, where the compression parameter used when com-
pression processing is being performed on the common
information is located after the preamble and before the
payload area of the microwave air interface frame.
[0198] The first decompression unit 608 is specifically
configured to: extract the compression parameter, in the
microwave overhead, used when compression process-
ing is being performed on the common information, and
perform decompression processing on the common in-
formation according to the compression parameter used
when compression processing is being performed on the
common information.

[0199] Inthis embodiment of the presentinvention, fur-
ther, the microwave overhead obtained by the microwave
air interface frame parsing unit 602 further includes a
compression parameter used when compression
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processing is being performed on each piece of antenna-
carrier I/Q data, where the compression parameter used
when compression processing is being performed on
each piece of antenna-carrier 1/Q data is located after
the preamble and before the payload area of the micro-
wave air interface frame.

[0200] The second decompression unit 610 is specif-
ically configured to: extract the compression parameter,
in the microwave overhead, used when compression
processing is being performed on each piece of antenna-
carrier 1/Q data, and perform decompression processing
on each piece of antenna-carrier 1/Q data according to
the compression parameter used when compression
processing is being performed on each piece of antenna-
carrier 1/Q data.

[0201] It should be noted that, for a detailed working
process of each function module in the second micro-
wave device provided in this embodiment of the present
invention, reference may be made to detailed descrip-
tions of a corresponding process in the method embod-
iment, and details are not described in this embodiment
of the present invention.

[0202] It should be noted that, as shown in FIG. 14,
the second microwave device may specifically include
three hardware modules: an IDU, an ODU, and an an-
tenna. The ODU may be configured to perform process-
ing such as down-conversion or filtering on a radio fre-
quency signal to obtain an intermediate frequency signal,
the IDU may be configured to perform demodulation
processing on the intermediate frequency signal to obtain
a baseband signal (certainly, performing processing
such as down-conversion or filtering on the radio frequen-
cy signal to obtain the intermediate frequency signal and
performing demodulation processing on the intermediate
frequency signal to obtain the baseband signal may also
be implemented by using one hardware module). Func-
tions of the microwave receiving unit 601, the microwave
airinterface frame parsing unit 602, the microwave chan-
nel parameter estimation unit 603, the microwave chan-
nel damage compensation unit 604, the demodulation
unit 605, the digital fronthaul data recombination unit 606,
the buffering unit 607, the first decompression unit 608,
the separation unit 609, the second decompression unit
610, and the recombination unit 611 that are in this em-
bodiment of the present invention may be implemented
by using one or more of the foregoing hardware modules.
[0203] According to the second microwave device pro-
vided in this embodiment of the present invention, a first
microwave device generates a microwave air interface
frame in a time division multiplexing manner based on
radio signal information and 1/Q data of common infor-
mation, and arranges a pilot in a microwave overhead
and a payload area at a preset interval in an interleaved
manner, that is, the radio signal information, the 1/Q data
of the common information, and the microwave overhead
are transmitted over one microwave channel; therefore,
when quality of the transmitted radio signal information
is reduced because of damage to the microwave channel
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caused by multipath, phase noise, frequency offset, 1/Q
imbalance, or the like, the second microwave device can
compensate, by using a channel parameter such as mul-
tipath, phase noise, frequency offset, or I/Q imbalance
determined according to the pilot included in the micro-
wave overhead, for the damage to the microwave chan-
nel on which the radio signal information is transmitted,
thereby improving system performance of a distributed
base station. In addition, the radio signal information and
the 1/Q data of the common information are transmitted
in a time division multiplexing manner over one micro-
wave channel, so that an entire microwave system is a
single-carrier system; therefore, hardware complexity is
reduced and costs are reduced.

[0204] Another embodiment of the present invention
provides a first microwave device. As shown in FIG. 15,
the first microwave device may include a receiver 71, a
processor 72, and a transmitter 73.

[0205] The receiver 71 is configured to receive digital
fronthaul data.

[0206] The processor 72 is configured to: obtain com-
mon information and radio signal information from the
digital fronthaul data received by the receiver 71, perform
digital quadrature amplitude modulation QAM on the
common information to obtain in-phase/quadrature 1/Q
data of the common information, and generate a micro-
wave air interface frame in a time division multiplexing
manner based on the radio signal information and the
1/Q data of the common information, where the radio sig-
nal information and the I/Q data of the common informa-
tion are encapsulated in a payload area of the microwave
air interface frame, and a pilot in a microwave overhead
and the payload area are arranged at a preset interval in
an interleaved manner.

[0207] The transmitter 73 is configured to send the mi-
crowave radio frequency signal obtained by the proces-
sor 72.

[0208] In this embodiment of the presentinvention, fur-
ther, the processor 72 is specifically configured to: gen-
erateatransmitclock of the microwave airinterface frame
and a header indication signal of the microwave air in-
terface frame; insert a preamble in the microwave over-
head into a header location of the microwave air interface
frame under the control of the transmit clock of the mi-
crowave air interface frame and the header indication
signal of the microwave air interface frame; and encap-
sulate the radio signal information and the I/Q data of the
common information into the payload area of the micro-
wave air interface frame, and arrange the pilot and the
payload area at the presetinterval in an interleaved man-
ner, according to a uniform interpolation algorithm under
the control of the transmit clock of the microwave air in-
terface frame and the header indication signal of the mi-
crowave air interface frame.

[0209] It should be noted that, for a detailed working
process of each function module in the first microwave
device provided in this embodiment of the presentinven-
tion, reference may be made to detailed descriptions of
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acorresponding processin the method embodiment, and
details are not described in this embodiment of the
present invention.

[0210] It should be noted that, as shown in FIG. 11,
the first microwave device may specifically include three
hardware modules: an IDU, an ODU, and an antenna.
The IDU may be configured to perform modulation
processing on a baseband signal to obtain an interme-
diate frequency signal, the ODU may be configured to
perform processing such as up-conversion or filtering on
the intermediate frequency signal to obtain a radio fre-
quency signal (certainly, performing modulation process-
ing on the baseband signal to obtain the intermediate
frequency signal and performing processing such as up-
conversion or filtering on the intermediate frequency sig-
nal to obtain the radio frequency signal may also be im-
plemented by using one hardware module). Functions of
the receiver 71, the processor 72, and the transmitter 73
that are in this embodiment of the present invention may
be implemented by using one or more of the foregoing
hardware modules.

[0211] The first microwave device provided in this em-
bodiment ofthe presentinvention generates a microwave
air interface frame in a time division multiplexing manner
based on radio signal information and 1/Q data of com-
mon information, and arranges a pilot in a microwave
overhead and a payload area at a preset interval in an
interleaved manner, so that the radio signal information,
the 1/Q data of the common information, and the micro-
wave overhead can be transmitted over one microwave
channel, and when quality of the transmitted radio signal
information is reduced because of damage to the micro-
wave channel caused by multipath, phase noise, fre-
quency offset, 1/Q imbalance, or the like, a second mi-
crowave device can compensate, by using a channel pa-
rameter such as multipath, phase noise, frequency offset,
orl/Qimbalance determined according to the pilot includ-
ed in the microwave overhead, for the damage to the
microwave channel on which the radio signal information
is transmitted, thereby improving system performance of
a distributed base station. In addition, the radio signal
information and the 1/Q data of the common information
are transmitted in a time division multiplexing manner
over one microwave channel, so that an entire microwave
system is a single-carrier system; therefore, hardware
complexity is reduced and costs are reduced.

[0212] Another embodiment of the present invention
provides a second microwave device. As shown in FIG.
16, the second microwave device may include a receiver
81, a processor 82, and a transmitter 83.

[0213] The receiver 81 is configured to receive a mi-
crowave air interface frame from a microwave air inter-
face.

[0214] The processor 82 is configured to: obtain a mi-
crowave overhead, radio signal information, and in-
phase/quadrature I/Q data of common information that
are in the microwave air interface frame, where the radio
signal information and the 1/Q data of the common infor-
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mation are encapsulated in a payload area of the micro-
wave air interface frame, and a pilot in the microwave
overhead and the payload area are arranged at a preset
interval in an interleaved manner; perform channel dam-
age estimation according to the pilot; perform channel
damage compensation for the radio signal information
and the I/Q data of the common information; perform dig-
ital demodulation on the 1/Q data of the common infor-
mation that is obtained after channel damage compen-
sation, to generate the common information; and recom-
bine the common information and the radio signal infor-
mation that is obtained after channel damage compen-
sation, to generate digital fronthaul data.

[0215] The transmitter 83 is configured to send the dig-
ital fronthaul data obtained by the processor 82.

[0216] Inthis embodiment of the presentinvention, fur-
ther, the processor 82 is specifically configured to: per-
form frame synchronization processing on the micro-
wave air interface frame according to a preamble in the
microwave overhead to generate a header indication sig-
nal of the microwave air interface frame; and extract the
pilot, the radio signal information, and the I/Q data of the
common information according to a uniform interpolation
algorithm under the control of the header indication signal
of the microwave air interface frame.

[0217] Inthis embodiment of the presentinvention, fur-
ther, the processor 82 is further configured to perform
channel damage estimation according to the I/Q data of
the common information.

[0218] It should be noted that, for a detailed working
process of each function module in the second micro-
wave device provided in this embodiment of the present
invention, reference may be made to detailed descrip-
tions of a corresponding process in the method embod-
iment, and details are not described in this embodiment
of the present invention.

[0219] It should be noted that, as shown in FIG. 14,
the second microwave device may specifically include
three hardware modules: an IDU, an ODU, and an an-
tenna. The ODU may be configured to perform process-
ing such as down-conversion or filtering on a radio fre-
quency signal to obtain an intermediate frequency signal,
the IDU may be configured to perform demodulation
processing on the intermediate frequency signal to obtain
a baseband signal (certainly, performing processing
such as down-conversion or filtering on the radio frequen-
cy signal to obtain the intermediate frequency signal and
performing demodulation processing on the intermediate
frequency signal to obtain the baseband signal may also
be implemented by using one hardware module). Func-
tions of the receiver 81, the processor 82, and the trans-
mitter 83 that are in this embodiment of the present in-
vention may be implemented by using one or more of the
foregoing hardware modules.

[0220] Accordingtothe second microwave device pro-
vided in this embodiment of the present invention, a first
microwave device generates a microwave air interface
frame in a time division multiplexing manner based on
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radio signal information and 1/Q data of common infor-
mation, and arranges a pilot in a microwave overhead
and a payload area at a preset interval in an interleaved
manner, that is, the radio signal information, the 1/Q data
of the common information, and the microwave overhead
are transmitted over one microwave channel; therefore,
when quality of the transmitted radio signal information
is reduced because of damage to the microwave channel
caused by multipath, phase noise, frequency offset, I/Q
imbalance, or the like, the second microwave device can
compensate, by using a channel parameter such as mul-
tipath, phase noise, frequency offset, or 1/Q imbalance
determined according to the pilot included in the micro-
wave overhead, for the damage to the microwave chan-
nel on which the radio signal information is transmitted,
thereby improving system performance of a distributed
base station. In addition, the radio signal information and
the 1/Q data of the common information are transmitted
in a time division multiplexing manner over one micro-
wave channel, so that an entire microwave system is a
single-carrier system; therefore, hardware complexity is
reduced and costs are reduced.

[0221] Another embodiment of the present invention
provides a digital fronthaul data transmission system, in-
cluding afirstmicrowave device and a second microwave
device.

[0222] The first microwave device is configured to: re-
ceive digital fronthaul data; obtain common information
and radio signal information from the digital fronthaul da-
ta; perform digital quadrature amplitude modulation QAM
on the common information to obtain in-phase/quadra-
ture 1/Q data of the common information; generate a mi-
crowave air interface frame in a time division multiplexing
manner based on the radio signal information and the
1/Q data of the common information, where the radio sig-
nal information and the 1/Q data of the common informa-
tion are encapsulated in a payload area of the microwave
air interface frame, and a pilot in a microwave overhead
and the payload area are arranged at a preset interval in
an interleaved manner; and send the microwave air in-
terface frame.

[0223] The second microwave device is configured to:
receive the microwave air interface frame from a micro-
wave air interface; obtain the microwave overhead, the
radio signal information, and the in-phase/quadrature I/Q
data of the common information that are in the microwave
air interface frame; perform channel damage estimation
according to the pilot; perform channel damage compen-
sation for the radio signal information and the 1/Q data of
the common information; perform digital demodulation
on the I/Q data of the common information thatis obtained
after channel damage compensation, to generate the
common information; and recombine the common infor-
mation and the radio signal information that is obtained
after channeldamage compensation, to generate the dig-
ital fronthaul data, and send the digital fronthaul data.
[0224] According to the digital fronthaul data transmis-
sion system provided in this embodiment of the present



59 EP 3 294 001 A1 60

invention, a microwave air interface frame is generated
in a time division multiplexing manner based on radio
signal information and 1/Q data of common information,
and a pilot in a microwave overhead and a payload area
are arranged at a preset interval in an interleaved man-
ner, so that the radio signal information, the I/Q data of
the common information, and the microwave overhead
can be transmitted over one microwave channel, and
when quality of the transmitted radio signal information
is reduced because of damage to the microwave channel
caused by multipath, phase noise, frequency offset, 1/Q
imbalance, or the like, a second microwave device can
compensate, by using a channel parameter such as mul-
tipath, phase noise, frequency offset, or I/Q imbalance
determined according to the pilot included in the micro-
wave overhead, for the damage to the microwave chan-
nel on which the radio signal information is transmitted,
thereby improving system performance of a distributed
base station. In addition, the radio signal information and
the 1/Q data of the common information are transmitted
in a time division multiplexing manner over one micro-
wave channel, so that an entire microwave system is a
single-carrier system; therefore, hardware complexity is
reduced and costs are reduced.

[0225] The foregoing descriptions about implementa-
tion manners allow a person skilled in the art to under-
stand that, for the purpose of convenient and brief de-
scription, division of the foregoing function modules is
taken as an example forillustration. In actual application,
the foregoing functions can be allocated to different mod-
ules and implemented according to a requirement, that
is, an inner structure of an apparatus is divided into dif-
ferent function modules to implement all or part of the
functions described above.

[0226] In the several embodiments provided in the
present application, it should be understood that the dis-
closed apparatus and method may be implemented in
other manners. For example, the described apparatus
embodimentis merely exemplary. For example, the mod-
ule or unit division is merely logical function division and
may be other division in actual implementation. For ex-
ample, a plurality of units or components may be com-
bined or integrated into another apparatus, or some fea-
tures may be ignored or not performed. In addition, the
displayed or discussed mutual couplings or direct cou-
plings or communication connections may be implement-
ed by using some interfaces. The indirect couplings or
communication connections between the apparatuses or
units may be implemented in electronic, mechanical, or
other forms.

[0227] The units described as separate parts may or
may not be physically separate, and parts displayed as
units may be one or more physical units, may be located
in one place, or may be distributed on different places.
Some or all of the units may be selected according to
actual needs to achieve the objectives of the solutions
of the embodiments.

[0228] In addition, functional units in the embodiments

10

15

20

25

30

35

40

45

50

55

31

of the present invention may be integrated into one
processing unit, or each of the units may exist alone phys-
ically, or two or more units are integrated into one unit.
Theintegrated unitmay be implementedin a form of hard-
ware, or may be implemented in a form of a software
functional unit.

[0229] When the integrated unit is implemented in the
form of a software functional unit and sold or used as an
independent product, the integrated unit may be stored
in a readable storage medium. Based on such an under-
standing, the technical solutions of the present invention
essentially, or the part contributing to the prior art, or all
or some of the technical solutions may be implemented
in the form of a software product. The software product
is stored in a storage medium and includes several in-
structions for instructing a device (which may be a single-
chip microcomputer, a chip, or the like) or a processor
(processor) to perform all or some of the steps of the
methods described in the embodiments of the present
invention. The foregoing storage medium includes: any
medium that can store program code, such as a USB
flash drive, a removable hard disk, a read-only memory
(English: Read-Only Memory, ROM for short), a random
access memory (English: Random Access Memory,
RAM for short), a magnetic disk, or an optical disc.
[0230] The foregoing descriptions are merely specific
implementation manners of the present invention, butare
not intended to limit the protection scope of the present
invention. Any variation or replacement readily figured
out by a person skilled in the art within the technical scope
disclosed in the presentinvention shall fall within the pro-
tection scope of the presentinvention. Therefore, the pro-
tection scope of the present invention shall be subject to
the protection scope of the claims.

Claims

1. A digital fronthaul data transmission method, com-
prising:

receiving, by a first microwave device, digital
fronthaul data, and obtaining common informa-
tion and radio signal information from the digital
fronthaul data;

performing, by the first microwave device, digital
quadrature amplitude modulation QAM on the
common information to obtain in-phase/quadra-
ture 1/Q data of the common information;
generating, by the first microwave device, a mi-
crowave air interface frame in a time division
multiplexing manner based on the radio signal
information and the I/Q data of the common in-
formation, wherein the radio signal information
and the 1/Q data of the common information are
encapsulated in a payload area of the micro-
wave air interface frame, and a pilot in a micro-
wave overhead and the payload area are ar-
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ranged at a preset interval in an interleaved
manner; and

sending, by the first microwave device, the mi-
crowave air interface frame.

The method according to claim 1, wherein the gen-
erating, by the first microwave device, a microwave
air interface frame in a time division multiplexing
manner based on the radio signal information and
the 1/Q data of the common information specifically
comprises:

generating, by the first microwave device, a
transmit clock of the microwave air interface
frame and a header indication signal of the mi-
crowave air interface frame;

inserting, by the first microwave device, a pre-
amble in the microwave overhead into a header
location of the microwave air interface frame un-
der the control of the transmit clock of the mi-
crowave air interface frame and the header in-
dication signal of the microwave air interface
frame; and

encapsulating, by the first microwave device,
the radio signal information and the 1/Q data of
the common information into the payload area
ofthe microwave air interface frame, and arrang-
ing the pilot and the payload area at the preset
interval in an interleaved manner, according to
a uniform interpolation algorithm under the con-
trol of the transmit clock of the microwave air
interface frame and the header indication signal
of the microwave air interface frame.

The method according to claim 2, wherein before the
encapsulating, by the first microwave device, the ra-
dio signalinformation and the I/Q data of the common
information into the payload area of the microwave
air interface frame, and arranging the pilot and the
payload area at the preset interval in an interleaved
manner, according to a uniform interpolation algo-
rithm under the control of the transmit clock of the
microwave air interface frame and the header indi-
cation signal of the microwave air interface frame,
the method further comprises:

buffering, by the first microwave device, the ra-
dio signal information; and

buffering, by the first microwave device, the 1/Q
data of the common information; and

the encapsulating, by the first microwave de-
vice, the radio signal information and the I/Q da-
ta of the common information into the payload
area of the microwave air interface frame, and
arranging the pilot and the payload area at the
presetintervalin aninterleaved manner, accord-
ing to a uniform interpolation algorithm under
the control of the transmit clock of the microwave
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airinterface frame and the header indication sig-
nal of the microwave air interface frame specif-
ically comprises:

reading, by the first microwave device, the
buffered radio signal information and the
buffered 1/Q data of the common informa-
tion, encapsulating the radio signal informa-
tion and the 1/Q data of the common infor-
mation into the payload area of the micro-
wave air interface frame, and arranging the
pilot and the payload area at the preset in-
terval in an interleaved manner, under the
control of the transmit clock of the micro-
wave air interface frame and the header in-
dication signal of the microwave air inter-
face frame.

4. The method according to claim 2 or 3, wherein the

generating, by the first microwave device, a transmit
clock of the microwave air interface frame and a
header indication signal of the microwave air inter-
face frame specifically comprises:

restoring, by the first microwave device, a digital
fronthaul data clock from the digital fronthaul da-
ta, and tracking the digital fronthaul data clock
to obtain the transmit clock of the microwave air
interface frame;

performing, by the first microwave device, frame
synchronization processing on the digital
fronthaul data under the control of the digital
fronthaul data clock to generate a header indi-
cation signal of the digital fronthaul data;
delaying, by the first microwave device, the
header indication signal of the digital fronthaul
data under the control of the digital fronthaul da-
ta clock, so that the delayed header indication
signal of the digital fronthaul data is aligned with
the 1/Q data of the common information; and
performing, by the first microwave device, N
times frequency division processing on the de-
layed header indication signal of the digital
fronthaul data under the control of the transmit
clock of the microwave air interface frame to ob-
tain the header indication signal of the micro-
wave air interface frame, wherein N is a positive
integer.

5. The method according to claim 2 or 3, wherein the

generating, by the first microwave device, a transmit
clock of the microwave air interface frame and a
header indication signal of the microwave air inter-
face frame specifically comprises:

generating, by the first microwave device, the
transmit clock of the microwave air interface
frame by using a local oscillator; and
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generating, by the first microwave device, the
header indication signal of the microwave air in-
terface frame according to a preset length of the
microwave air interface frame under the control
of the transmit clock of the microwave air inter-
face frame.

The method according to any one of claims 1 to 5,
wherein before the performing, by the first micro-
wave device, digital quadrature amplitude modula-
tion QAM on the common information to obtain in-
phase/quadrature 1/Q data of the common informa-
tion, the method further comprises:

performing, by the first microwave device, com-
pression processing on the common informa-
tion; and

the performing, by the first microwave device,
digital quadrature amplitude modulation QAM
on the common information to obtain in-
phase/quadrature 1/Q data of the common infor-
mation specifically comprises:

performing, by the first microwave device,
digital QAM on the compressed common in-
formation to obtain the I/Q data of the com-
mon information.

The method according to any one of claims 1 to 5,
wherein before the generating, by the firstmicrowave
device, a microwave air interface frame in a time
division multiplexing manner based on the radio sig-
nal information and the 1/Q data of the common in-
formation, the method further comprises:

obtaining, by the first microwave device, atleast
one piece of antenna-carrier 1/Q data from the
radio signal information;

performing, by the first microwave device, com-
pression processing on each piece of antenna-
carrier 1/Q data; and

combining, by the first microwave device, the
compressed antenna-carrier 1/Q data to gener-
ate compressed radio signal information; and
the generating, by the first microwave device, a
microwave air interface frame in a time division
multiplexing manner based on the radio signal
information and the 1/Q data of the common in-
formation specifically comprises:

generating, by the first microwave device,
the microwave air interface frame in a time
division multiplexing manner based on the
compressed radio signal information and
the 1/Q data of the common information.

8. A digital fronthaul data receiving method, compris-
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receiving, by a second microwave device, a mi-
crowave air interface frame from a microwave
air interface;

obtaining, by the second microwave device, a
microwave overhead, radio signal information,
and in-phase/quadrature 1/Q data of common in-
formation that are in the microwave air interface
frame, wherein the radio signal information and
the 1/Q data of the common information are en-
capsulated in a payload area of the microwave
air interface frame, and a pilot in the microwave
overhead and the payload area are arranged at
a preset interval in an interleaved manner;
performing, by the second microwave device,
channel damage estimation according to the pi-
lot; and performing channel damage compen-
sation for the radio signal information and the
1/Q data of the common information;
performing, by the second microwave device,
digital demodulation on the 1/Q data of the com-
mon information that is obtained after channel
damage compensation, to generate the com-
mon information; and

recombining, by the second microwave device,
the common information and the radio signal in-
formation that is obtained after channel damage
compensation, to generate digital fronthaul da-
ta; and sending the digital fronthaul data.

The method according to claim 8, wherein the ob-
taining, by the second microwave device, a micro-
wave overhead, radio signal information, and in-
phase/quadrature 1/Q data of common information
that are in the microwave air interface frame specif-
ically comprises:

performing, by the second microwave device,
frame synchronization processing on the micro-
wave air interface frame according to a pream-
ble in the microwave overhead to generate a
header indication signal of the microwave air in-
terface frame; and

extracting, by the second microwave device, the
pilot, the radio signal information, and the 1/Q
data of the common information according to a
uniform interpolation algorithm under the control
of the header indication signal of the microwave
air interface frame.

The method according to claim 8 or 9, wherein the
performing, by the second microwave device, chan-
nel damage estimation further comprises:

performing, by the second microwave device,
channel damage estimation according to the I/Q

data of the common information.

The method according to any one of claims 8 to 10,
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wherein before the recombining, by the second mi-
crowave device, the common information and the
radio signal information that is obtained after channel
damage compensation, to generate digital fronthaul
data, the method further comprises:

buffering, by the second microwave device, the
common information; and

buffering, by the second microwave device, the
radio signal information obtained after channel
damage compensation; and

the recombining, by the second microwave de-
vice, the common information and the radio sig-
nal information that is obtained after channel
damage compensation, to generate digital
fronthaul data specifically comprises:

generating, by the second microwave de-
vice, a transmit clock of the digital fronthaul
data and a header indication signal of the
digital fronthaul data; and

reading, by the second microwave device
under the control of the transmit clock of the
digital fronthaul data and the header indica-
tion signal of the digital fronthaul data, the
buffered common information and the buff-
ered radio signal information that is ob-
tained after channel damage compensa-
tion, to generate the digital fronthaul data.

12. The method according to claim 11, wherein the gen-

erating, by the second microwave device, a transmit
clock of the digital fronthaul data and a header indi-
cation signal of the digital fronthaul data specifically
comprises:

restoring, by the second microwave device, a
microwave air interface frame clock from the mi-
crowave air interface frame, and tracking the mi-
crowave air interface frame clock to obtain the
transmit clock of the digital fronthaul data;
performing, by the second microwave device,
frame synchronization processing on the micro-
wave air interface frame under the control of the
microwave air interface frame clock to generate
the header indication signal of the microwave
air interface frame;

delaying, by the second microwave device, the
header indication signal of the microwave air in-
terface frame under the control of the microwave
air interface frame clock, so that the delayed
header indication signal of the microwave air in-
terface frame is aligned with the common infor-
mation obtained after digital demodulation; and
performing, by the second microwave device, N
times frequency multiplication on the delayed
header indication signal of the microwave air in-
terface frame under the control of the transmit
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clock of the digital fronthaul data, to generate
the header indication signal of the digital
fronthaul data, wherein N is a positive integer.

The method according to claim 11, wherein the gen-
erating, by the second microwave device, a transmit
clock of the digital fronthaul data and a header indi-
cation signal of the digital fronthaul data specifically
comprises:

controlling, by the second microwave device ac-
cording to a variation of a data length of the buff-
ered radio signal information obtained after
channel damage compensation or a variation of
a data length of the buffered common informa-
tion, a local clock generator to generate the
transmit clock of the digital fronthaul data; and
generating, by the second microwave device,
the header indication signal of the digital
fronthaul data under the control of the transmit
clock of the digital fronthaul data.

The method according to any one of claims 11 to 13,
wherein the reading, by the second microwave de-
vice under the control of the transmit clock of the
digital fronthaul data and the header indication signal
of the digital fronthaul data, the buffered common
information and the buffered radio signal information
that is obtained after channel damage compensa-
tion, to generate the digital fronthaul data comprises:

performing, by the second microwave device,
synchronization on the common information
read from a cache; and

recombining, by the second microwave device
under the control of the transmit clock of the dig-
ital fronthaul data and the header indication sig-
nal of the digital fronthaul data, the synchronized
common information and the radio signal infor-
mation that is obtained after channel damage
compensation, to generate the digital fronthaul
data.

The method according to any one of claims 8 to 14,
wherein before the recombining, by the second mi-
crowave device, the common information and the
radio signal information thatis obtained after channel
damage compensation, to generate digital fronthaul
data, the method further comprises:

performing, by the second microwave device,
decompression processing on the common in-
formation; and

the recombining, by the second microwave de-
vice, the common information and the radio sig-
nal information that is obtained after channel
damage compensation, to generate digital
fronthaul data specifically comprises:
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recombining, by the second microwave de-
vice, the decompressed common informa-
tion and the radio signal information that is
obtained after channel damage compensa-
tion, to generate the digital fronthaul data.

16. The method according to any one of claims 8 to 14,
wherein before the recombining, by the second mi-
crowave device, the common information and the
radio signal information that is obtained after channel
damage compensation, to generate digital fronthaul
data, the method further comprises:

obtaining, by the second microwave device, at
least one piece of antenna-carrier I/Q data from
the radio signal information obtained after chan-
nel damage compensation;

performing, by the second microwave device,
decompression processing on each piece of an-
tenna-carrier 1/Q data; and

generating, by the second microwave device,
decompressed radio signal information based
on the decompressed antenna-carrier I/Q data;
and

the recombining, by the second microwave de-
vice, the common information and the radio sig-
nal information that is obtained after channel
damage compensation, to generate digital
fronthaul data specifically comprises:

recombining, by the second microwave de-
vice, the common information and the de-
compressed radio signalinformation to gen-
erate the digital fronthaul data.

17. A first microwave device, comprising:

a receiving unit, configured to receive digital
fronthaul data;

a digital fronthaul data parsing unit, configured
to obtain common information and radio signal
information from the digital fronthaul data re-
ceived by the receiving unit;

a modulation unit, configured to perform digital
quadrature amplitude modulation QAM on the
common information obtained by the digital
fronthaul data parsing unit, to obtain in-
phase/quadrature 1/Q data of the common infor-
mation;

a microwave air interface frame generating unit,
configured to generate a microwave air interface
frame in a time division multiplexing manner
based on the radio signal information obtained
by the digital fronthaul data parsing unit and the
I/Q data of the common information that is ob-
tained by the modulation unit, wherein the radio
signal information and the I/Q data of the com-
mon information are encapsulated in a payload
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area of the microwave air interface frame, and
a pilotin a microwave overhead and the payload
area are arranged at a preset interval in an in-
terleaved manner; and

a microwave transmission unit, configured to
send the microwave air interface frame obtained
by the microwave air interface frame generating
unit.

18. The first microwave device according to claim 17,
wherein the microwave air interface frame generat-
ing unit is specifically configured to:

generate a transmit clock of the microwave air
interface frame and a header indication signal
of the microwave air interface frame;

insert a preamble in the microwave overhead
into a header location of the microwave air in-
terface frame under the control of the transmit
clock of the microwave air interface frame and
the header indication signal of the microwave
air interface frame; and

encapsulate the radio signal information and the
1/Q data of the common information into the pay-
load area of the microwave air interface frame,
and arrange the pilot and the payload area at
the presetinterval in aninterleaved manner, ac-
cording to a uniform interpolation algorithm un-
der the control of the transmit clock of the mi-
crowave air interface frame and the header in-
dication signal of the microwave air interface
frame.

19. The first microwave device according to claim 18,
further comprising:

a buffering unit, configured to: buffer the radio
signal information and buffer the I/Q data of the
common information, before the microwave air
interface frame generating unit encapsulates
the radio signal information and the 1/Q data of
the common information into the payload area
ofthe microwave air interface frame, and arrang-
es the pilot and the payload area at the preset
interval in an interleaved manner, according to
the uniform interpolation algorithm under the
control of the transmit clock of the microwave
airinterface frame and the header indication sig-
nal of the microwave air interface frame; wherein
the microwave air interface frame generating
unit is specifically configured to:

read the radio signal information and the I/Q
data of the common information that are
buffered by the buffering unit, encapsulate
the radio signal information and the I/Q data
of the common information into the payload
area of the microwave air interface frame,
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and arrange the pilot and the payload area
at the preset interval in an interleaved man-
ner, under the control of the transmit clock
of the microwave air interface frame and the

mation compressed by the first compres-
sion unit, to obtain the 1/Q data of the com-
mon information.

the microwave air interface frame, wherein N is
a positive integer.

header indication signal of the microwave 5 23. The first microwave device according to any one of
air interface frame. claims 17 to 21, further comprising:

20. The first microwave device according to claim 17 or a separation unit, configured to obtain at least
18, wherein the microwave air interface frame gen- one piece of antenna-carrier I/Q data from the
erating unit is specifically configured to: 10 radio signal information before the microwave

airinterface frame generating unitgenerates the
restore a digital fronthaul data clock from the microwave air interface frame in a time division
digital fronthaul data, and track the digital multiplexing manner based on the radio signal
fronthaul data clock to obtain the transmit clock information and the I/Q data of the common in-
of the microwave air interface frame; 15 formation;
perform frame synchronization processing on a second compression unit, configured to per-
the digital fronthaul data under the control of the form compression processing on each piece of
digital fronthaul data clock to generate a header antenna-carrier 1/Q data obtained by the sepa-
indication signal of the digital fronthaul data; ration unit; and
delay the header indication signal of the digital 20 a combination unit, configured to combine the
fronthaul data under the control of the digital antenna-carrier 1/Q data compressed by the
fronthaul data clock, so that the delayed header second compression unit, to generate com-
indication signal of the digital fronthaul data is pressed radio signal information; wherein
aligned with the I/Q data of the common infor- the microwave air interface frame generating
mation; and 25 unit is specifically configured to:
perform N times frequency division processing
on the delayed header indication signal of the generate the microwave air interface frame
digital fronthaul data under the control of the in a time division multiplexing manner
transmit clock of the microwave air interface based on the compressed radio signal in-
frame to obtain the header indication signal of 30 formation and the 1/Q data of the common

information.

24. A second microwave device, comprising:
21. The first microwave device according to claim 17 or
18, wherein the microwave air interface frame gen- 35
erating unit is specifically configured to:

a microwave receiving unit, configured to re-
ceive a microwave air interface frame from a mi-

generate the transmit clock of the microwave air
interface frame by using a local oscillator; and

crowave air interface;
a microwave air interface frame parsing unit,
configured to obtain a microwave overhead, ra-

generate the header indication signal of the mi- 40 dio signal information, and in-phase/quadrature
crowave air interface frame according to a pre- 1/Q data of common information that are in the
set length of the microwave air interface frame microwave air interface frame received by the
under the control of the transmit clock of the mi- microwave receiving unit, wherein the radio sig-
crowave air interface frame. nal information and the I/Q data of the common
45 information are encapsulated in a payload area
22. The first microwave device according to any one of of the microwave air interface frame, and a pilot
claims 17 to 21, further comprising: inthe microwave overhead and the payload area
are arranged at a preset interval in an inter-
a first compression unit, configured to perform leaved manner;

compression processing on the common infor- 50 amicrowave channel parameter estimation unit,
mation before the modulation unit performs dig- configured to perform channel damage estima-
ital quadrature amplitude modulation QAM on tion according to the pilot obtained by the micro-

the common information to obtain the in- wave air interface frame parsing unit;
phase/quadrature 1/Q data of the common infor- a microwave channel damage compensation
mation; wherein 55 unit, configured to perform channel damage

the modulation unit is specifically configured to:

perform digital QAM on the common infor-

36

compensation for the radio signal information
and the 1/Q data of the common information that
are obtained by the microwave air interface



71 EP 3 294 001 A1 72

frame parsing unit;

a demodulation unit, configured to perform dig-

ital demodulation on the I/Q data of the common
information that is obtained after the microwave
channel damage compensation unit performs 5
channel damage compensation, to generate the
common information; and

a digital fronthaul data recombination unit, con-
figured to: recombine the common information
obtained by the demodulation unit and the radio 70
signal information that is obtained after the mi-
crowave channel damage compensation unit
performs channel damage compensation, to track the microwave air interface frame clock to
generate digital fronthaul data, and send the dig- obtain the transmit clock of the digital fronthaul
ital fronthaul data. 15 data;

perform frame synchronization processing on
the microwave air interface frame under the con-
trol of the microwave air interface frame clock
to generate the header indication signal of the

the common information and the radio sig-
nal information obtained after channel dam-
age compensation that are buffered by the
buffering unit, to generate the digital
fronthaul data.

28. The second microwave device according to claim
27, wherein the digital fronthaul data recombination
unit is specifically configured to:

restore a microwave air interface frame clock
from the microwave air interface frame, and

25. The second microwave device according to claim
24, wherein the microwave air interface frame pars-
ing unit is specifically configured to:

nal of the digital fronthaul data; and

read, under the control of the transmit clock
of the digital fronthaul data and the header
indication signal of the digital fronthaul data,

37

20 microwave air interface frame;
perform frame synchronization processing on delay the header indication signal of the micro-
the microwave air interface frame according to wave air interface frame under the control of the
a preamble in the microwave overhead to gen- microwave air interface frame clock, so that the
erate a header indication signal of the micro- delayed header indication signal of the micro-
wave air interface frame; and 25 wave air interface frame is aligned with the com-
extract the pilot, the radio signalinformation, and mon information obtained after digital demodu-
the 1/Q data of the common information accord- lation; and
ing to a uniform interpolation algorithm under perform N times frequency multiplication on the
the control of the header indication signal of the delayed header indication signal of the micro-
microwave air interface frame. 30 wave air interface frame under the control of the
transmit clock of the digital fronthaul data, to
26. The second microwave device according to claim 24 generate the header indication signal of the dig-
or 25, wherein the microwave channel parameter es- ital fronthaul data, wherein N is a positive inte-
timation unit is further configured to: ger.
35
perform channel damage estimation according 29. The second microwave device according to claim
to the 1/Q data of the common information. 27, wherein the digital fronthaul data recombination
unit is specifically configured to:
27. The second microwave device according to any one
of claims 24 to 26, further comprising: 40 control, according to a variation of a data length
of the buffered radio signal information obtained
a buffering unit, configured to: before the digital after channel damage compensation or a vari-
fronthaul data recombination unit recombines ation of a data length of the buffered common
the common information and the radio signal in- information, a local clock generator to generate
formation that is obtained after channel damage 45 the transmit clock of the digital fronthaul data;
compensation, to generate the digital fronthaul and
data, buffer the common information, and buffer generate the header indication signal of the dig-
the radio signal information obtained after chan- ital fronthaul data under the control of the trans-
nel damage compensation, wherein mit clock of the digital fronthaul data.
the digital fronthaul data recombination unit is 50
specifically configured to: 30. The second microwave device according to any one
of claims 27 to 29, wherein the digital fronthaul data
generate a transmit clock of the digital recombination unit is specifically configured to:
fronthaul data and a header indication sig-
55

perform synchronization on the common infor-
mation read from a cache; and

recombine, under the control of the transmit
clock of the digital fronthaul data and the header
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indication signal of the digital fronthaul data, the
synchronized common information and the radio
signal information that is obtained after channel
damage compensation, to generate the digital
fronthaul data.

31. The second microwave device according to any one
of claims 24 to 30, further comprising:

afirstdecompression unit, configured to perform
decompression processing on the common in-
formation before the digital fronthaul data re-
combination unit recombines the common infor-
mation and the radio signal information that is
obtained after channel damage compensation,
to generate digital fronthaul data, wherein

the digital fronthaul data recombination unit is
specifically configured to:

recombine the common information decom-
pressed by the first decompression unitand
the radio signal information that is obtained
after channel damage compensation, to
generate the digital fronthaul data.

32. The second microwave device according to any one
of claims 24 to 30, further comprising:

a separation unit, configured to: before the dig-
ital fronthaul data recombination unit recom-
bines the common information and the radio sig-
nal information that is obtained after channel
damage compensation, to generate the digital
fronthaul data, obtain at least one piece of an-
tenna-carrier I/Q data from the radio signal in-
formation obtained after channel damage com-
pensation;

asecond decompression unit, configured to per-
form decompression processing on each piece
of antenna-carrier I/Q data obtained by the sep-
aration unit; and

arecombination unit, configured to generate de-
compressed radio signal information based on
the antenna-carrier 1/Q data decompressed by
the second decompression unit; wherein

the digital fronthaul data recombination unit is
specifically configured to:

recombine the common information and the
decompressed radio signal information ob-
tained by the recombination unit, to gener-
ate the digital fronthaul data.

33. A first microwave device, comprising:

areceiver, configured to receive digital fronthaul
data;
a processor, configured to: obtain common in-
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formation and radio signal information from the
digital fronthaul data received by the receiver,
perform digital quadrature amplitude modula-
tion QAM on the common information to obtain
in-phase/quadrature 1/Q data of the common in-
formation, and generate a microwave air inter-
face framein atime division multiplexing manner
based on the radio signal information and the
1/Q data of the common information, wherein the
radio signal information and the 1/Q data of the
common information are encapsulated in a pay-
load area of the microwave air interface frame,
and a pilot in a microwave overhead and the
payload area are arranged at a preset interval
in an interleaved manner; and

a transmitter, configured to send the microwave
radio frequency signal obtained by the proces-
SOr.

34. The first microwave device according to claim 33,
wherein the processor is specifically configured to:

generate a transmit clock of the microwave air
interface frame and a header indication signal
of the microwave air interface frame;

insert a preamble in the microwave overhead
into a header location of the microwave air in-
terface frame under the control of the transmit
clock of the microwave air interface frame and
the header indication signal of the microwave
air interface frame; and

encapsulate the radio signal information and the
1/Q data of the common information into the pay-
load area of the microwave air interface frame,
and arrange the pilot and the payload area at
the presetinterval in aninterleaved manner, ac-
cording to a uniform interpolation algorithm un-
der the control of the transmit clock of the mi-
crowave air interface frame and the header in-
dication signal of the microwave air interface
frame.

35. A second microwave device, comprising:

a receiver, configured to receive a microwave
air interface frame from a microwave air inter-
face;

a processor, configured to: obtain a microwave
overhead, radio signal information, and in-
phase/quadrature I/Q data of common informa-
tionthatare inthe microwave air interface frame,
wherein the radio signal information and the I/Q
data of the common information are encapsu-
lated in a payload area of the microwave air in-
terface frame, and a pilot in the microwave over-
head and the payload area are arranged at a
preset interval in an interleaved manner; per-
form channel damage estimation according to
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the pilot; perform channel damage compensa-
tion for the radio signal information and the 1/Q
data of the common information; perform digital
demodulation on the 1/Q data of the common
information that is obtained after channel dam- 5
age compensation, to generate the common in-
formation; and recombine the common informa-
tion and the radio signal information that is ob-
tained after channel damage compensation, to
generate digital fronthaul data; and 10
a transmitter, configured to send the digital
fronthaul data obtained by the processor.

36. The second microwave device according to claim
35, wherein the processor is specifically configured 75
to:

perform frame synchronization processing on

the microwave air interface frame according to

a preamble in the microwave overhead to gen- 20
erate a header indication signal of the micro-
wave air interface frame; and

extractthe pilot, the radio signalinformation, and

the 1/Q data of the common information accord-

ing to a uniform interpolation algorithm under 25
the control of the header indication signal of the
microwave air interface frame.

37. The second microwave device according to claim 35
or 36, wherein the processor is further configured to: 30

perform channel damage estimation according
to the 1/Q data of the common information.

38. A digital fronthaul data transmission system, com- 35
prising:

the first microwave device according to any one

of claims 17 to 23 and 33 and 34; and

the second microwave device according to any 40
one of claims 24 to 32 and 35 to 37.
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A second microwave device receives a microwave air interface frame
from a microwave air interface
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X: represent a primary frame number

Z: represent a super frame number
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